Tills report contains the collective views of an international group of experts and does not 
necessarily represent the decisions or the stated policy of the United Nations Environment 
Programme, tire International Labour Organization, or the World Health Organization. 


Concise International Chemical Assessment Document 38 


iV-NITROSODIMETHYLAMINE 


First draft prepared by 

R.G. Liteplo and M.E. Meek, Health Canada, Ottawa, Canada, and 
W. Windle, Environment Canada, Ottawa, Canada 


Please note that the layout and pagination of this pdf file are not necessarily 
identical to the printed CICAD 


Published under the joint sponsorship of the United Nation? Environment Programme, the 
International Labour Organization, and the World Health Organization, and produced within the 
framework of the Inter-Organization Programme for the Sound Management of Chemicals. 



World Health Organization 
Geneva, 2002 


PM3001127471 

Source: https://www.industrydocuments.ucsf.edu/docs/smhk0001 




The Internationa] Programme on Chemical Safety (IPCS), established in 1980, is a joint venture 
of the United Nations Environment Programme (UNEP), the International Labour Organization (ILO), 
and the World Health Organization (WHO), The overall objectives of the IPCS are to establish the 
scientific basis for assessment of the risk to human health and the environment from exposure to 
chemicals, through international peer review processes, as a prerequisite for the promotion of chemical 
safety, and to provide technical assistance in strengthening national capacities for the sound management 
of chemicals. 

The Inter-Organization Programme for the Sound Management of Chemicals (IOMC) was 

established in 1995 by UNEP, ILO, the Food and Agriculture Organization of the United Nations, WHO, 
the United Nations Industrial Development Organization, the United Nations Institute for Training and 
Research, and the Organisation for Economic Co-operation and Development (Participating 
Organizations), following recommendations made by the 1992 UN Conference on Environment and 
Development to strengthen cooperation and increase coordination in the field of chemical safety. The 
purpose of the IOMC is to promote coordination of the policies and activities pursued by the Participating 
Organizations, jointly or separately, to achieve the sound management of chemicals in relation to human 
health and the environment. 

WHO Library Cataloguing-in-Publication Data 

N-Nitrosodimethylamine. 

(Concise international chemical assessment document; 38) 

l.Dimethylnitrosamine - toxicity 2.Risk assessment 3.Environmental 

exposure 4.Occupational exposure I.Intemational Programme on Chemical Safety 

H.Series 

ISBN 92 4 153038 3 (NLM Classification: QZ 202) 

ISSN 1020-6167 

The World Health Organization welcomes requests for permission to reproduce or translate its 
publications, in part or in full. Applications and enquiries should be addressed to the Office of Publications, 
World Health Organization, Geneva, Switzerland, which will be glad to provide the latest information on 
any changes made to the text, plans for new editions, and reprints and translations already available. 

©World Health Organization 2002 

Publications of the World Health Organization enjoy copyright protection in accordance with the 
provisions of Protocol 2 of the Universal Copyright Convention. All rights reserved. 

The designations employed and the presentation of the material in this publication do not imply the 
expression of any opinion whatsoever on the part of the Secretariat of the World Health Organization 
concerning the legal status of any country, territory, city, or area or of its authorities, or concerning the 
delimitation of its frontiers or boundaries. 

The mention of specific companies or of certain manufacturers’ products does not imply that they are 
endorsed or recommended by the World Health Organization in preference to Others of a similar nature 
that are not mentioned. Errors and omissions excepted, the names of proprietary products are 
distinguished by initial capital letters. 

The Federal Ministry for the Environment, Nature Conservation and Nuclear Safety, Germany, 
provided financial support for the printing of this publication. 

Printed by Wissenschaftliche Verlagsgesellschaft mbH, D-70009 Stuttgart 10 


PM3001127472 

Source: https://www.industrydocuments.ucsf.edu/docs/smhk0001 



TABLE OF CONTENTS 


FOREWORD.,. 1 

1. EXECUTIVE SUMMARY. 4 

2. IDENTITY AND PHYSICAL/CHEMICAL PROPERTIES. 5 

3. ANALYTICAL METHODS. 5 

4. SOURCES OF HUMAN AND ENVIRONMENTAL EXPOSURE. 6 

4.1 Natural sources. 6 

4.2 Anthropogenic sources. 6 

4.3 Production and use. 7 

5. ENVIRONMENTAL TRANSPORT, DISTRIBUTION, AND TRANSFORMATION . 7 

5.1 Air . 7 

5.2 Water. 7 

5.3 Sediment. 7 

5.4 Soil. 7 

5.5 Biota. 7 

5.6 Environmental partitioning. 8 

6. ENVIRONMENTAL LEVEL S AN D HUMAN EXPOSURE. 8 

6.1 Environmental levels .. 8 

6.1.1 Ambient air. 8 

6.1.2 Indoor air... 9 

6.1.3 Water . 9 

6.1.4 Sediment and soil... 9 

6.1.5 Human tissues ....... 9 

6.1.6 Food. 10 

6.1.7 Consumer products ..... It 

6.2 Human exposure: environmental .. 12 

6.3 Human exposure: occupational . 14 

7. COMPARATIVE KINETICS AND METABOLISM IN LABORATORY ANIMALS AND 

HUMANS. la 

8. EFFECTS ON LABORATORY MAMMALS AND /N VITRO TEST SYSTEMS. 16 

8.1 Single exposure. 16 

8.2 Irritation and sensitization. 16 

8.3 Short- and medium-term exposure. 16 

8.4 Carcinogenicity... 16 

8.5 Genotoxicity and related end-points . 17 

8.6 Reproductive toxicity. 18 

8.7 Neurotoxicity and effects on the immune system , ..... 19 

8.8 Mode of action .. 20 

9. EFFECTS ON HUMANS. 21 


iii 


PM3001127473 

Source: https://www.industrydocuments.ucsf.edu/docs/smhk0001 








































Concise International Chemical Assessment Document 38 


10. EFFECTS ON OTHER ORGANISMS IN THE LABORATORY AND FIELD. 22 

10.1 Aquatic environment . 22 

11. EFFECTS EVALUATION. 22 

11.1 Evaluation of health effects . 22 

11.1.1 Hazard identification.... 22 

11.1.1.1 Carcinogenicity. 22 

11.1.1.2 Non-neoplastic effects. 23 

11.1.2 Dose-response analyses . 23 

11.1.2.1 Carcinogenicity. 24 

11.1.2.2 Non-neoplastic effects. 24 

11.1.3 Sample risk characterization. 25 

11.1.4 Uncertainties and degree of confidence in human health risk characterization. 25 

11.2 Evaluation of environmental effects. 25 

11.2.1 Terrestrial assessment end-points. 25 

11.2.2 Aquatic assessment end-points. 25 

11.2.3 Sample environmental risk characterization.. .. 26 

11.2.3.1 Aquatic organisms .. 26 

11.2.4 Discussion of uncertainty . 26 

12. PREVIOUS EVALUATIONS BY INTERNATIONAL BODIES. 26 

REFERENCES. 27 

APPENDIX 1 — SOURCE DOCUMENT . 35 

APPENDIX 2 — CICAD PEER REVIEW. 35 

APPENDIX 3 — CICAD FINAL REVIEW BOARD. 36 

APPENDIX 4 —■ CALCULATION OF TUMOR1GENIC DOSE 0J . 37 

INTERNATIONAL CHEMICAL SAFETY CARD. 40 

RESUME D’ORIENTATION . 42 

RESUMEN DE ORIENTACI6N. 44 


iv 


PM3001127474 

Source: https://www.industrydocuments.ucsf.edu/docs/smhk0001 































N-Nitrosodimethylamine 


FOREWORD 

Concise International Chemical Assessment 
Documents (CICADs) are the latest in a family of 
publications from the International Programme on 
Chemical Safety (IPCS) — a cooperative programme of 
the World Health Organization (WHO), the International 
Labour Organization (ILO), and the United Nations 
Environment Programme (UNEP). Cl CADs join the 
Environmental Health Criteria documents (EHCs) as 
authoritative documents on the risk assessment of 
chemicals. 

International Chemical Safety Cards on the 
relevant chemical(s) are attached at the end of the 
CICAD, to provide the reader with concise information 
on the protection of human health and on emergency 
action. They are produced in a separate peer-reviewed 
procedure at IPCS. They may be complemented by 
information from IPCS Poison Information Monographs 
(PIM), similarly produced separately from the CICAD 
process. 

CICADs are concise documents that provide sum¬ 
maries of the relevant scientific information concerning 
the potential effects of chemicals upon human health 
and/or the environment. They are based on selected 
national or regional evaluation documents or on existing 
EHCs. Before acceptance for publication as CICADs by 
IPCS, these documents undergo extensive peer review 
by internationally selected experts to ensure their 
completeness, accuracy in the way in which the original 
data are represented, and the validity of the conclusions 
drawn. 

The primary objective of CICADs is characteri¬ 
zation of hazard and dose-response from exposure to a 
chemical. CICADs arc not a summary of all available data 
on a particular chemical; rather, they include only that 
infonnation considered critical for characterizalion of the 
risk posed by the chemical. The critical studies are, 
however, presented in sufficient detail to support the 
conclusions drawn. For additional information, the 
reader should consult the identified source documents 
upon which the CICAD has been based. 

Risks to human health and the environment will 
vary considerably depending upon the type and extent 
of exposure. Responsible authorities are strongly 
encouraged to characterize risk on the basis oflocally 
measured or predicted exposure scenarios. To assist the 
reader, examples of exposure estimation and risk 
characterization are provided in CICADs, whenever 
possible. These examples cannot be considered as 
representing all possible exposure situations, but are 
provided as guidance only. The reader is referred to EHC 


170' for advice on the derivation of health-based 
guidance values. 

While every effort is made to ensure that CICADs 
represent the current status of knowledge, new informa¬ 
tion is being developed constantly. Unless otherwise 
stated, CICADs are based on a search of the scientific 
literature to the date shown in the executive summary. In 
the event that a reader becomes aware of new infonna¬ 
tion that would change the conclusions drawn in a 
dCAD, the reader is requested to contact IPCS to inform 
it of the new information. 

Procedures 

The flow chart on page 2 shows the procedures 
followed to produce a CICAD. These procedures are 
designed to take advantage of the expertise that exists 
around die world — expertise that is required to produce 
the high-quality evaluations of toxicological, exposure, 
and other data that are necessary for assessing risks to 
human health and/or the environment. The IPCS Risk 
Assessment Steering Group advises the Co-ordinator, 
IPCS, on the selection of chemicals for an IPCS risk 
assessment, the appropriate fonn of the document (i.e., 
EHC or CICAD), and which institution bears the 
responsibility of the document production, as well as on 
the type and extent of the international peer review. 

The first draft is based on an existing national, 
regional, or international review. Authors of the first 
draft are usually, but not necessarily, from the institution 
that developed the original review. A standard outline 
has been developed to encourage consistency in Form. 

The first draft undergoes primary review by [PCS and 
one or more experienced authors of criteria documents to 
ensure that it meets the specified criteria for CICADs. 

The draft is then sent to an international peer 
review by scientists known for their particular expertise 
and by scientists selected from an international roster 
compiled by IPCS through recommendations from IPCS 
national Contact Paints and from IPCS Participating 
Institutions, Adequate time is allowed for the selected 
experts to undertake a thorough review. Authors are 
required to take reviewers' comments into account and 
revise their draft, if necessary. The resulting second draft 
is submitted to a Final Review Board together with the 
reviewers’ comments. 


1 International Programme on Chemical Safety (5994) 
Assessing human health risks of chemicals: derivation 
of guidance values for health-based exposure limits. 
Geneva, World Health Organization (Environmental 
Health Criteria 170). 


I 


PM3001127475 

Source: https://www.industrydocuments.ucsf.edu/docs/smhk0001 


Concise International Chemical Assessment Document 38 


CICAD PREPARATION FLOW CHART 



2 


PM3001127476 


Source: https://www.industrydocuments.ucsf.edu/docs/smhk0001 














N-Nitrosodimethylamine 


A consultative group may be necessary to advise 
on specific issues in the risk assessment document. 

The CICAD Final Review Board has several 
important functions: 

- to ensure that each CiCAD has been subjected to 
an appropriate and thorough peer review; 

to verify that the peer reviewers’ comments have 
been addressed appropriately; 

- to provide guidance to those responsible for the 
preparation of CICADs on how to resolve any 
remaining issues if, in the opinion of the Board, the 
author has not adequately addressed all comments 
of the reviewers; and 

- to approve CICADs as international assessments. 

Board members serve in their personal capacity, not as 
representatives of any organization, government, or 
industry. They arc selected because of their expertise in 
human and environmental toxicology or because of their 
experience in the regulation of chemicals. Boards are 
chosen according to the range of expertise required for a 
meeting and the need for balanced geographic 
representation. 

Board members, authors, reviewers, consultants, 
and advisers who participate in the preparation of a 
CICAD are required to declare any real or potential 
conflict of interest in relation to the subjects under 
discussion at any stage of the process. Representatives 
of nongovernmental organizations may be invited to 
observe the proceedings of the Final Review Board. 
Observers may participate in Board discussions only at 
the invitation of the Chairperson, and they may not 
participate in the final decision-making process. 
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1. EXECUTIVE SUMMARY 


This CICAD on N-nitrosodimethylamine (NDMA) 
was prepared jointly by the Environmental Health 
Directorate of Health Canada and the Commercial Chem¬ 
icals Evaluation Branch of Environment Canada based 
on documentation prepared concurrently as part of the 
Priority Substances Program under the Canadian 
Environmental Protection Act (CEPA). The objective of 
assessments on Priority Substances under CEPA is to 
assess potential effects of indirect exposure in the gen¬ 
eral environment on human health as well as environ¬ 
mental effects. Although occupational exposure was not 
addressed in the source document (Environment Canada 
& Health Canada, 2001), information on this aspect has 
been included in this CICAD. Data identified as of the 
end of August 1908 (environmental effects) and August 
1999 1 (human health effects) were considered in this 
review. Other reviews that were also consulted include 
IARC (1978), ATSDR (1989), OME (1991, 1998), and 
BIBRA Toxicology International (1997, 1998). Informa¬ 
tion on the nature of the peer review and availability of 
the source document is presented in Appendix 1. Infor¬ 
mation on the peer review of this CICAD is presented in 
Appendix 2. This CICAD was approved as an interna¬ 
tional assessment at a meeting of the Final Review 
Board, held in Geneva, Switzerland, on 8--12 January 
2001. Participants at the Final Review Board meeting are 
listed in Appendix 3. The International Chemical Safety 
Card for NDMA (ICSC 0525), produced by the Inter¬ 
national Programme on Chemical Safety (IPCS, 1993), has 
also been reproduced in this document. 

AMMitrosodimethylamine (NDMA) is the simplest 
dialkylnitrosamine. It is no longer used industrially or 
commercially in Canada or the USA but continues to be 
released as a by-product and contaminant from various 
industries and from municipal wastewater treatment 
plants. Major releases of NDMA have been from the 
manufacture of pesticides, rubber tires, alkylamines, and 
dyes. NDMA may also form under natural conditions in 
air, water, and soil as a result of chemical, photochemical, 
and biological processes and has been detected in 
drinking-water and in automobile exhaust. 


1 New information flagged by the reviewers and in a 
literature search conducted prior to the Final Review 
Board meeting lias been scoped to indicate its likely 
impact on the essential conclusions of this assessment, 
primarily to establish priority for its consideration in an 
update. More recent information not critical to the hazard 
characterization or exposure-response analysis, 
considered by reviewers to add to informational content, 
has been added. 


Piiotofysis is the major pathway for the removal of 
NDMA from surface water, air, and land. However, in 
surface waters with high concentrations of organic 
substances and suspended matter, photodegradation is 
much slower, in subsurface water and in soil, biodeg¬ 
radation is the removal pathway of importance. NDMA 
is unlikely to be transported over long distances in air or 
to partition to soil and sediments. Because of its solu¬ 
bility and low partition coefficient, NDMA has the 
potential to leach into and persist in groundwater. It is 
metabolized and does not bioaccumulate. NDMA is 
generally not detectable in surface waters, except for 
localized contamination from industrial sites, where end- 
of-pipe effluent concentrations as high as 0.266 pg/litre 
have been measured. 

In limited Surveys in the country on which the 
sample risk characterization is based (i.e., Canada), 

NDMA has not been detected in ambient air, except in 
the vicinity of industrial sites. Low concentrations of 
NDMA — formed in water treatment plants or from 
groundwater contaminated by industrial effluents, for 
example — have been measured in drinking-water. The 
presence of NDMA has been demonstrated in some 
foods, most frequently in beer, cured meat, fish 
products, and some cheeses, although levels of NDMA 
have decreased in these products in recent years owing 
to changes in food processing. Exposure can also result 
from the use of consumer products that contain NDMA, 
such as cosmetics and personal care products, products 
containing rubber, and tobacco products. 

Based upon laboratory studies in which tumours 
have been induced in all species examined at relatively 
low doses, NDMA is clearly carcinogenic. There is 
overwhelming evidence that NDMA is mutagenic and 
clastogenic. While the mechanism by which NDMA 
induces tumours is not fully elucidated, DNA adducts 
(in particular, 0 6 -methy]guanine) formed by the methyl- 
diazonium ion generated during metabolism likely play a 
critical role. Qualitatively, the metabolism ofNDMA 
appears to be similar in humans and animals; as a result, 
it is considered highly likely that NDMA is carcinogenic 
to humans, potentially at relatively low levels of expo¬ 
sure. 

Data on non-neoplastic effects in laboratory 
animals associated with exposure to NDMA are limited, 
attributable primarily to the focus on its carcinogenicity. 
Effects on the liver and kidney in repeated-dose toxicity 
studies, embryo toxicity and embryo lethality in single¬ 
dose developmental studies, and a range of immunologi¬ 
cal effects (suppression of humoral- and cell-mediated 
immunity) reversible at lowest concentrations have been 
reported. 
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Cancer is clearly the critical end-point for quantita¬ 
tion of exposure-response for risk characterization of 
NDMA. In addition to it being best characterized, in 
general, tumours occur at lowest concentration, com¬ 
pared with those typically reported to induce non-cancer 
effects. The lowest tumorigenic dose^ for the develop¬ 
ment of hepatic lumours in male and female rats exposed 
to NDMA in the critical study was 34 jig/kg body weight 
per day for the development of biliary cystadenomas in 
female animals. This equates to a unit risk of 1.5 x 10" 3 
per pg/kg body weight. Based on estimated intakes of 
NDMA in ambient air and contaminated drinking-water 
(groundwater) in the sample risk characterization, risks in 
the vicinity of industrial point sources are >10' 3 . Those 
for ambient drinking-water are between I0‘ 7 and 10 _s . 
NDMA is a genotoxic carcinogen, and exposure should 
be reduced to the extent possible. 

Acute and chronic toxicity data arc available for 
aquatic organisms. The toxic effect that occurred at 
lowest concentration was a reduction in the growth of 
algae at 4000 pgflitre. In the sample risk characterization, 
concentrations of NDMA in surface waters in the source 
country are less than the threshold for adverse effects 
estimated for aquatic organisms. Data on concentrations 
of NDMA in sediments or in soil in the sample country 
were not identified. 


2. IDENTITY AND PHYSICAL/CHEMICAL 
PROPERTIES 


iV-Nitrosadimethylamine, or NDMA, is the simplest 
dialkylnirtosamine, with a molecular formula of C 2 H 6 N 2 0 
and a relative moleculai mass of 74.08 (ATSDR, 1989) 
(Figure 1). NDMA belongs to a class of chemicals 
known as rV-nitroso compounds, characterized by the N- 
nitroso functional group (-N-N=0), and to the family of 
nitrosamin.es, which, in addition, possess an amine 
function {■ NR 2 , where R is H or an alkyl group). NDMA 
is also known as diinethylnitrosamine, dimethyl- 
nitrosoatnine, ,V,/V-dimethylnitrosaniinc, .Y-meihyKV- 
nitrosomethanamine, (V-nitroso-N^-dimethylamine, 

DMN, and DMNA. NDMA has the Chemical Abstracts 



Service (CAS) registry number 62-75-9. 


Figure 1: Chemical structure of NDMA. 


NDMA is a volatile, combustible, yellow, oily 
liquid. It is susceptible to photolytic breakdown due to 
its absorption of ultraviolet light (Sax & Lewis, 1987). 
The physical/chemical properties relevant to the envi¬ 
ronmental fate of NDMA and utilized in the modelling of 
environmental partitioning (section 5.6) are presented in 
Table 1. Additional properties are presented in the 
International Chemical Safety Card reproduced in this 
document. 


Table 1: Physical and chemical properties of NDMA. 


Physical/chemlcal property 

Value" 

Meiting point (°C) 

50 

Boiling point (°C) 

151-154 

Log Ko- 

0.57 

Vapour pressure 

1080 Pa (25 °C) 

Henry’s law constant 

3.3+ Pa m a /mol (25 °C) 

Solubility 

miscible 


a includes experimental and calculated values listed in 
Callahan et al. (1979); Clayton & Clayton (19S1); ATSDR 
(1989); Budavari et al. (1989); OME (1991); DMER 8 AEL 
(1996). 

The conversion factor for NDMA in air is 1 ppm - 
3.08 mg/m 3 . 


3. ANALYTICAL METHODS 


Analytical methods for NDMA consist of concen¬ 
tration followed by chromatographic separation of the 
components in the extract and detection of the Af-nitros- 
amine. Concentration steps include liquid-liquid extrac¬ 
tion and solid-phase extraction. Chromatographic 
separations have been achieved almost exclusively by 
gas chromatography. Detection of NDMA has been 
accomplished by flame ionization detectors (Nikaido et 
al., 1977), nitrogen-phosphorus detectors (US EPA, 
1984), the Hall electrolytic conductivity detector 
operated in the reductive mode (von Rappardet al., 1976; 
US EPA, 1984), the thermal energy analyser or 
chemiluminescent nitrogen delector (Fine et al., 1975; 

Fine & Rounbehler, 1976; Webbetal., 1979; Kimoto et 
al., 1981; Parees& Prescott, 1981; Sen & Seaman, 1981a; 
Sen et al„ 1994; Tomkins eta!., 1995; Tomkins & Griest, 
1996), and mass spectrometry. NDMA is also analysed 
by electron ionization low-resolution mass spectrometry 
(Sen et al., 1994), high-resolution mass spectrometry 
(Taguchi et al., 1994; Jenkins et al., 1995), chemical 
ionization tandem mass spectrometry on an ion trap 
mass spectrometer (Plomley etal., 1994), and laser 
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ionization time-of-flight mass spectrometry (Opsal & 
Reilly, 1986). Liquid chromatography has also been used 
in conjunction with a photolysis reactor and 
(electrospray ionization) mass spectrometry (Volmer et 
al., 1996). Detection limits range from 0.150 pg/litre using 
nitrogen-phosphorus detectors (US EPA, 1984) to 0.002 
pg/litre using a gas chromatograph-themial energy 
analyser (Kimoto et al., 1981; Tomkins et al., 1995; 
Tomkins & Griest, 1996) to 0.001 pg/litre using gas 
chromatography-high-resolution mass spectrometry 
(Taguchi et al., 1994; Jenkins et al., 1995). Comparable 
detection limits are possible with chemical ionization 
tandem mass spectrometry on an ion trap mass 
spectrometer (Plomley et al., 1994). 


4. SOURCES OF HUMAN AND 
ENVIRONMENTAL EXPOSURE 


Data on sources and emissions from the source 
country of the national assessment on which the CICAD 
is based (i.e., Canada) are presented here as an example. 
Sources and patterns of emissions in other countries are 
expected to be similar, although quantitative values may 
vary. 

4.1 Natural sources 

NDMA can bo formed as a result of biological, 
chemical, or photochemical processes (Ayanaba & 
Alexander, 1974). It may be present in water, air, and soil 
due to chemical reaction between ubiquitous, naturally 
occurring precursors classified as nitrosatable substrates 
(secondary amines) or nitrosating agents (nitrites) (OME, 
1998). For example, NDMA may form in air during 
nighttime as a result of the atmospheric reaction of 
dimcthylamine (DMA) wilh nitrogen oxides (Cohen & 
Bachman, 1978). Soil bacteria may also synthesize 
NDMA from various precursor substances, such as 
nitrate, nitrite, and amine compounds (ATSDR, 1989). 
NDMA precursors are widespread throughout the 
environment, occurring in plants, fish, algae, urine, and 
faeces (Ayanaba & Alexander, 1974), 

4.2 Anthropogenic sources 

NDMA is produced as a by-product of industrial 
processes that use nitrate and/or nitrites and amines 
under a range of pH conditions. This is due to inadver¬ 
tent formation when alkylamines, mainly DMA and 
trimethylamine, come into contact and read with 
nitrogen oxides, nitrous acid, or nitrite salts or when 
trans-nitrosation via nitro or nitroso compounds occurs 


(ATSDR, 1989). Therefore, NDMA may be present in 
discharges of such industries as rubber manufacturing, 
leather tanning, pesticide manufacturing, food process¬ 
ing, foundries, and dye manufacturing and, as a result, 
in sewage treatment plant effluent. Almost all of the 
releases in the source country (i.e., Canada) are to water. 

NDMA has also been detected in emissions from 
diesel vehicle exhaust (Goff et al., 1980). 

NDMA may form directly in sewage as a result 
of the biological and chemical transformation of alkyl¬ 
amines in the presence of nitrate or nitrite (Ayanaba & 
Alexander, 1974; ATSDR, 1989). It may also be released 
into the environment as the result of application of 
sewage sludge to soils rich in nitrate or nitrite. 

NDMA may also be formed during the treatment 
of drinking-water (OME, 1994). NDMA’s precursor, 
DMA, together with nitrite, may enter surface water 
streams from agricultural runoff (V.Y. Taguchi, personal 
communication, 1998). Water treatment plants incorpor¬ 
ating a chlorination process (e.g., sodium hypochlorite) 
will produce NDMA from these precursors (Jobb et al., 
1993; Graham et al., 1996). Ultraviolet treatment can 
decompose NDMA to DMA (Jobb et al., 1994). How¬ 
ever, it is also possible to generate/regenerate NDMA 
from the DMA within distribution systems that have 
post-chlorination (V.Y. Taguchi, personal communica¬ 
tion, 1998). 

NDMA may be released into the environment as a 
result of use of certain pesticides contaminated with this 
compound (Pancholy, 1978). NDMA is present in vari¬ 
ous technical and commercial pesticides used in agricul¬ 
ture, hospitals, and homes as the result of its formation 
during the manufacturing process and during storage. 

The following DMA formulation pesticides may contain 
NDMA as a microcontaminanf: bromacil, benazolin, 2,4- 
D, dicamba, MCPA, and mecoprop (J. Ballantine, per¬ 
sonal communication, 1997; J. Smith, personal communi¬ 
cation, 1999). 

Since 1990, in testing in Canada of over 100 sam¬ 
ples of formulated pestieidal products (DMA salt of 
phenoxy acid herbicides) potentially contaminated by 
NDMA, the compound was detected in 49% of the sam¬ 
ples, with an average concentration of 0.44 pg/g. Only 
six samples contained concentrations abovel .0 pg/g, 
with a range from 1.02 to 2.32 pg/g. Concentrations in 
pesticides have decreased overtime. In 1994, approxi¬ 
mately 1 million kilograms of DMA-formulated phenoxy 
acid herbicides for commercial use were applied to the 
terrestrial environment in Canada (G. Moore, personal 
communication, 1999). Based on the average concert 
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tration of NDMA mentioned above and percent estimate 
of detection, it was calculated that approximately 200 g 
of NDMA may have been released into the environment 
through the use of these herbicides. 

4.3 Production and use 

There are no industrial or commercial uses of 
NDMA in Canada or the USA. NDMA was used in 
Canada in the past and may still he used in other 
countries in rubber formulations as a fire retardant and in 
the organic chemical industry as an intermediate, 
catalyst, antioxidant, additive for lubricants, and softener 
of copolymers (ATSDR, 1989; Budavari etal., 1989). 


5. ENVIRONMENTAL TRANSPORT, 
DISTRIBUTION, AND TRANSFORMATION 


5.1 Air 

NDMA has a low vapour pressure (1080 Pa at 
25 °C), and, if emitted to or formed in air, it is not likely to 
adsorb to airborne particulate matter and is expected to 
exist almost entirely in the vapour phase. In daylight, it 
degrades rapidly by direct photolysis to form dimethyl- 
nitramine. The photolytic half-life of NDMA vapour 
exposed to sunlight ranges between 0.5 and 1.0 h (Hanst 
et al., ] 977). Half-lives for the reaction with hydroxyl 
radicals range from 25.4 to 254 h in air (Atkinson, 1985). 
Modelling of environmental partitioning (section 5.6) is 
based on a half-life for NDMA in air of 5 h (DMER & 
AEL, 1996). The short half-lives for NDMA inair 
suggest that it is not persistent in this compartment. 

5.2 Water 

Since NDMA is miscible in water and has a low 
vapour pressure and a low octanol/water partition coeffi¬ 
cient (log of* 0.57), it is not likely to bioaccumulale, 
adsorb to particulates, or volatilize to any significant 
extent (Thomas, 1982; ATSDR, 1989; OME, 1991), 
Oxidation, hydrolysis, biotransfonnation, and biodegra¬ 
dation are not significant factors affecting the fate of 
NDMA in lake water (Tate & Alexander, 1975), Photo¬ 
degradation is the main process for removing NDMA 
from the aquatic environment. The efficiency of removal 
of NDMA depends on the characteristics of the particu¬ 
lar water environment. Typically, pliotodegradation of 
NDMA is much slower in waters with high concentra¬ 
tions of organic substances and suspended solids than 
in dear water bodies. The rate of degradation through 
photolysis may be significantly decreased in the 


presence of interferences with light transmission, such 
as ice cover on receiving water bodies (Conestoga- 
Rovers & Associates, 1994; E. McBean, personal 
communication, 1999). This observation is supported in 
the groundwater compartment, where, in the absence of 
light, NDMA has the potential to persist (OME, i 991). 

Modelling of environmental partitioning (section 

5.6) is based on a mean half-life of 17 h for NDMA in 
surface water at 25 °C (DMER & AEL, 1996). Howard et 
al. (1991) reported a half-life range for NDMA in 
groundwater of 1008-8640 h, based on estimated 
unacclimated aqueous aerobic biodegradation. 

5.3 Sediment 

Modelling of environmental partitioning (section 

5.6) is based on a mean half-life of 5500 h for NDMA in 
sediment at 25 °C (DMER & AEL, 1996). Factors that 
slow degradation include anoxic conditions and lack of 
illuminatiniMhe former by preventing the generation of 
oxidants and the latter by preventing photolysis and the 
generation of oxidants by photolytic processes. 

5.4 Soil 

On soil surfaces, photolysis and volatilization 
rapidly remove NDMA. Oliver (1979) reported that 
30-80% of an unreported concentration of NDMA 
volatilized from the soil within the first few hours of 
application to the soil surface. Once incorporated into 
subsurface soil, however, NDMA will be highly mobile, 
with the potential to migrate into groundwater supplies. 
Subsurface biodegradation is slightly slower under 
anaerobic than under aerobic conditions (ATSDR, 1989). 
Soil type only slightly affects biodegradation of NDMA. 
Aeration of soil improved biodegradation compared with 
waterlogged soil. Pre-exposure of bacteria to NDMA 
increased biodegradation in soil (Mallik & Tesfai, 1981). 
Modelling of environmental partitioning (section 5.6) is 
based on a mean half-life of 1700 h for NDMA in soil at 
25 °C (DMER & AEL, 1996). 

5.5 Biota 

Although NDMA is not present in plants under 
natural conditions, it can be taken up from the growth 
medium. Lettuce and spinach plants absorb NDMA from 
sand, soil, and water after exposure for 2 days to concen¬ 
trations ranging from 10 to 100 mg NDMA/kg wet 
weight, with 3.25% and 0.38% being taken up from the 
growth medium by lettuce and spinach plants, respec¬ 
tively (Dean-Raymond & Alexander, 1976). 
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A bioconcentration factor of 0.2 has been esti¬ 
mated for NDMA (Bysshe, 1982). However, conventional 
estimates of bioconcentration factors (correlation with 
K ow ) are precluded, since, generally, biota can 
biotransform NDMA (OME, 1998). 

5.6 Environmental partitioning 

Fugacity modelling provides an overview of key 
reaction, intercompartment, and advection (movement 
out of a system) pathways for NDMA and its overall 
distribution in the environment. A steady-state, non¬ 
equilibrium model (Level 111 fugacity model) was ran 
using the methods developed by Mackay (1991) and 
Mackay & Paterson (1991). Values for pliysical/chemical 
properties utilized in the modelling are presented in 
Table 1; those for half-lives in various media are 
presented in sections 5.1-5.4 above. Modelling was 
based on an assumed default emission rate of 1000 kg/b 
into a region ofl 00 000 km 3 , which includes a surface 
water area (20 m deep) of 10 000 km 2 . The height of the 
atmosphere was assumed to be 1000 m. Sediments and 
soils were assumed to have an organic carbon content of 
4% and 2% and a depth of 1 cm and 10 cm, respectively. 
The estimated per cent distribution predicted by this 
model is not affected by the assumed emission rate. 

Modelling predicts that when NDMA is contin¬ 
uously released into a medium, most of it will be present 
in that medium at steady state. For example, if NDMA is 
discharged into water, almost all of it will be present in 
the aqueous phase, with very smali amounts in air and 
soil. Almost all of the NDMA is removed by reaction in 
water. Similarly, most NDMA released to air will exist in 
the atmosphere, with very small amounts in soil and 
water, Finally, when NDMA is discharged continuously 
to soil, almost all of the substance is transported to 
surface water, and about a third goes into the atmos¬ 
phere. However, since NDMA is much more persistent in 
soil than in water or air at steady state, almost all of the 
NDMA is present in soil, with very little in surface water, 
and even less in the atmosphere (DMER & AEL, 1996). 

In summary, the Level lit fugacity model predicts 
that if NDMA is emitted into water or air, it will be found 
in, and react in, the medium of discharge. Emission of 
NDMA into water or air will tend to result in localized 
contamination of short duration. If emitted to soil, 

NDMA moves to the water or air compartments, where it 
undergoes reaction, or it reacts slowly in the soil. 

Because rates of volatilization, adsorption, runoff, and 
reaction in soil are relatively slow compared with 
reaction in air and water, the persistence of NDMA 
emitted to soil is longer, and there is potential for NDMA 


to move into the groundwater compartment (DMER & 
AEL, 1996), 


6. ENVIRONMENTAL LEVELS AND 
HUMAN EXPOSURE 


Data primarily on concentrations in the environ¬ 
ment from the source country of the national assessment 
on which the CICAD is based (i.e., Canada) are pre¬ 
sented here as a basis for the sample risk characteriza¬ 
tion. Patterns of exposure in other countries are expected 
to be similar, although quantitative values may vary. 

6.1 Environmental levels 

6.1.1 Ambientair 

There is little information on the presence or con¬ 
centrations of NDMA in ambient (i.e., outdoor) air in 
Canada or elsewhere. Limited Canadian data are 
restricted to the province of Ontario, where short-term 
measurements have been taken in the immediate vicinity 
of potential point sources of discharge to the 
atmosphere, for comparison with background 
measurements from other urban locations. No data on 
airborne concentrations at rural locations were identified. 

At industrial and urban locations in Ontario in 
1990, based on seven samples taken in five cities, con¬ 
centrations of NDMA were all below the detection limit 
(detection limits ranged from 0.0034 to 0.0046 pg/m 3 ). 1 

in surveys during 1990 of ambient air in the 
vicinity of a chemical production facility in Elmira, 
Ontario, concentrations of NDMA in 41 samples ranged 
from not detected (detection limits ranged from 0.0029 to 
0.0048 pg/m 3 ) to 0.230 pg/m 3 ; concentrations in 20 of the 
41 samples were at or above the detection limit. 1 The 
highest concentrations were measured within the per¬ 
imeter of the production facility, while the maximum 
concentration measured beyond this perimeter was 
0.079 pg/m 3 . Concentrations of NDMA in samples taken 


1 Technical memorandum from A. Ng to G. De Brou dated 
27 April 1990 regarding the Elmira (1990) survey: Results 
of the mobile TAGA; with covering memorandum dated 
5 May 1990 from L, Lusis to E. Piche regarding the Elmira 
NDMA survey report, April 1990. Toronto, Ontario, 
Ontario Ministry of the Environment. 
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in the vicinity of an industrial site in Kitchener, Ontario, 
were similar, 1 

6.1.2 Indoor ait 

Available data indicate that levels of NDMA were 
elevated in indoor air contaminated with environmental 
tobacco smoke (ETS) in the USA (Brunnemann & 
Hoffinann, 1978) and Austria (Stehlik et a!., 1982; Klus et 
ah, 1992). The maximum concentration of NDMA in ETS- 
contaminated indoor air was 0.24 pg/m J , whereas NDMA 
was not detected (i.c., <0,003 pg/m 3 ) when the indoor air 
of a residence of a non-smoker was sampled in the same 
manner (Brunnemann & Hoffmann, 1978). 

Concentrations oFNDMA in ETS-contaminated indoor 
air in these countries were generally between 0.01 and 
0.1 pg/m 3 (Health Canada, 1999). 

6.1.3 Water 

Releases of NDMA to water in Canada have been 
measured primarily in Ontario and vary considerably. As 
an example, in 1996, a chemical plant released wastewater 
containing NDMA into the St. Clair River at a 
concentration of 0.266 pg/fitre (Environment Canada, 

1997). In April 1997, concentrations of NDMA at the 
point of release to surface water ranged from 0.096 to 
0.224 pg/litre for this company. These concentrations are 
expected to decrease, as the company installed a waste- 
water treatment plant in 1998. 

In a survey of sewage treatment plant effluent in 
Ontario in 1990, NDMA was detected in 27 of 39 sam¬ 
ples, with the maximum concentration being 0.22 pg/Jitre 
(OME, 1991). 

In 390 samples of raw surface water from 101 water 
treatment plants sampled for NDMA in Ontario from 1990 
to July 1998, concentrations were detectable (>0.001 
pg/litre) in the raw water at 37 plants. The average 
concentration in raw water was 1.27 x 10" 3 pg/litre. The 
highest concentration of NDMA in raw water was 0.008 
pgditre from two water treatment plants in 1996 (Ontario 
Ministry of Environment and Energy, unpublished data, 
1996; P. Lachmaniuk, Ontario Ministry of the 
Environment, unpublished data, 1998). 


1 Technical memorandum from A. Ng to M. Luais dated 
24 July 1992, regarding the Kitchener (1992) survey: NC 
Rubber Products Inc. — Results of the mobile TAGA 
6000; with covering memorandum dated 28 July 1992, 
from M. Lusis to D. Ireland regarding the mobile TAGA 
6000 survey of NC Rubber Products Inc. Toronto, 
Ontario, Ontario Ministry of the Environment. 


In 1990, concentrations of NDMA in 24 ground¬ 
water samples taken from various locations in Ontario 
were below detection limits (detection limits ranged from 
0.001 to 0.010 pg/litre). Concentrations of NDMA in the 
municipal aquifer in Elmira ranged from 1.3 to 2.9 pg/litre, 
attributed to contamination from a nearby chemical 
facility (Komelsen etal., 1989). The municipal wells 
using this aquifer were closed in 1989 (Ireland, 1989). 

In 1994 and 1995, concentrations of up to 0.005 pg 
NDMA/litre (detection limit 0.001 pg/litre) in raw surface 
water and groundwater supplies in rural areas in 
southern Ontario were reported (OME, 1991). 

In 313 samples of treated water analysed from 
100 locations within Ontario between 1994 and 1996, 
NDMA was detected (is., at greater than 0.001 pg/litre) 
in at least one sample at 40 of these 100 sites. The 
censored mean concentration was 0.0027 pg/litre. The 
highest concentrations were measured in samples from 
drinking-water plants using a specific pre-blended 
polyamine/alum water treatment coagulant (Ontario 
Ministry of Environment and Energy, unpublished data, 
1996). These included a concentration of 0.04 pg/litre at 
the water treatment plant in Huntsville, Ontario. NDMA 
was detected in all (i.c,, at greater than 0.001 pg/litre) 

20 samples collected from four water treatment plants 
using the specific coagulant. The mean concentration of 
NDMA in these 20 samples was 0.012 pg/litre, whereas 
the (censored) mean concentration in the remaining 
293 samples for the locations where the specific coagu¬ 
lant was not used was 0.002 pg/litre, 

Treatment studies on groundwater at a chemical 
plant in southern Ontario indicated that activated sludge 
can accumulate NDMA, particularly when nitrification 
and denitrification are applied to increase the age of the 
sludge. Concentrations of NDMA sampled in activated 
sludge ranged from 5 to 10 mg/litre (J. Kochany. personal 
communication, 1999; E. McBean, personal 
communication, 1999). In the USA, NDMA has been 
reported to be a common constituent of sewage sludge. 
Concentrations ranged from 0.6 to 45 pg/g in the dried 
sludge from 14 of 15 cities (Mumraa et ah, 1984). 

6.1.4 Sediment and soil 

No data on concentrations of NDMA in sediments 
or soils in Canada were identified. Levels of NDMA up 
to 15.1 ng/g have been measured in soils collected in the 
vicinity of industrial facilities in the L/SA (IARC, 1978). 

6.1.5 Human tissues 

NDMA has been quantified in a variety of tissues 
and biological fluids. In a study conducted in Quebec, 
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Canada, Cooper et al. (1987) detected NDMA in the liver, 
kidneys, brain, and pancreas from four (non- 
occupationally exposed) individuals at postmortem; 
concentrations ranged from approximately 0.12 to 
0.9 ng/g tissue. In studies conducted outside of Canada, 
reported levels of NDMA in the blood or plasma of non- 
occupationally exposed individuals have ranged from 
approximately 0.03 to 1.5 ng/ml (Fine el al., 1977; Lakritz 
eta!., 1980; Yamamoto etal., 1980; Garlandetal., 1982; 
Gough et al., 1983; Dunnet al., 1986). In other studies, 
concentrations of NDMA in breast milk ranged from 0.1 
to 1.8 ng/g (Lakritz St Pcnsabene, 1984; Mizuishi et al,, 
1987; Uibu et al„ 1996). NDMA has been detected in the 
urine of individuals having no clearly defined exposure 
to this nitrosamine; reported concentrations from studies 
conducted in Canada (Kakizoe et al., 1979) and elsewhere 
(Lakritz et al., 1982; Webb et al., 1983) have ranged from 
0.02 to 0.2 ng/ml. 

6. 1.6 Food 

NDMA can be formed during food processing, 
preservation, and/or preparation from precursor com¬ 
pounds already present in, or added to, the specific food 
items. The foodstuffs that have been most commonly 
contaminated with NDMA can be classified into several 
broad groups: 

# foods preserved by the addition of nitrate and/or 
nitrite, such as cured meat products (in particular, 
bacon) and cheeses (since these methods of 
preservation introduce nitrosating species into the 
food); 

# foods preserved by smoking, such as fish and 
meat products (since oxides of nitrogen in the 
smoke act as nitrosating agents); 

# foods dried by combustion gases, such as malt, 
low-fat dried milk products, and spices (since 
combustion gases can contain oxides of nitrogen); 

# pickled and salt-preserved foods, particularly 
pickled vegetables (since microbial reduction of 
nitrate to nitrite occurs); and 

# foods grown or stored under humid conditions, 
leading to nitrosamine formation by contaminating 
bacteria. 

It should be noted, however, drat most data on 
levels of NDMA in foodstuffs have been derived from 
studies conducted in the 1970s and 1980s and may not 
be reliable with respect to estimating current exposure to 
this substance, owing to the analytical methodology 
available at the time. Moreover, efforts have been made 
to reduce the potential for exposure to NDMA in food¬ 
stuffs in Canada and other countries through continued 
reduction of allowable nitrite levels during preservation. 


suspension of the use of nitrate for certain food groups, 
or increased use of nitrosation inhibitors, such as ascor¬ 
bate or erythorbate (Cassens, 1997; Sen & Baddoo, 

1997). For example, in Canada, in regulations amended in 
1975, permissible levels of nitrite in cured meat products 
were lowered and the use of nitrate was eliminated, 
except for a few classes of products (including “slow- 
cured” meats) (G. Lawrence, personal communication, 

1999). The use of nitrate in seafood preservation was 
suspended in 1965. 1 

Data concerning the concentrations of NDMA in 
food items in Canada from each of the groups in which 
there is potential for exposure are limited and largely 
predate the introduction of controls outlined above. 
Concentrations of NDMA in 121 samples of various meat 
products in Canada ranged from less than 0.1 pg/kg (the 
limit of detection) to a maximum of 17.2 pg/kg in a sample 
of bacon (Sen et ah, 1979,1980b). Concentrations of 
NDMA in 63 samples of various fish and seafood 
products in Canada ranged from less than 0.1 pg/kg (the 
limit of detection) to a maximum of 4.2 pg/kg in a sample 
of salted/dried fish (Sen et al., 1985). Concentrations of 
NDMA in 62 samples of cheese (31 of Canadian origin 
and 31 imported) purchased in Canada ranged from less 
than 1 pg/kg (the limit of detection) to a maximum of 68 
pg/kg in a sample of wine cheese (Sen et al., 1978). 

NDMA was generally not detected in samples of 
milk products, except for skim milk powder, where it was 
present in all 11 samples, at a maximum concentration of 
0.7 pg/kg (Sen & Seaman, 198 lb). In other countries, the 
presence of NDMA in non-fat dried milk powders has 
been attributed to the use of natural gas for direct Fired 
heating (Kelly et al., 1989; Scanlanet al., 1994). In 
Canada, in other foods dried directly, NDMA was 
detected in I of 10 samples ofinstant coffee at a 
concentration of 0.3 pg/kg and in 2 of 20 samples of 
dried soup with a maximum concentration of 0.25 pg/kg 
(Sen & Seaman, 1981b). 

NDMA was not detected (at limits of detection 
ranging from 0.1 to 0.5 p^kg) in 25 samples of baby 
food, including formula, cereal, and mixed food contain¬ 
ing meat, analysed from 1979 to 1981 (Sen et al., 1979, 
1980b; Sen & Seaman, 1981b), In a Survey of other food 
products in 1979, NDMA was not detected in apple juice 
or drink, ketchup and other sauces, Ovaltine, margarine, 


1 Internal memorandum dated 13 September 1999 from J. 
Salminett, Bureau of Chemical Safety, Food Directorate, 
to B. Meek, Bureau of Chemical Hazards, Environmental 
Health Directorate, Health Canada, Ottawa, Ontario (File 
No. FP99072001-597). 
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butter, lard, or (fresh and canned) mushrooms (Sen et ah, 
1980b). The limit of detection was 0.1 pg/litre or 
0.1 iigfkg. NDMA was detected at a trace level 
(<0.2 gg/kg) in 1 ofl l samples of pizza and pizza 
toppings (Sen et al„ 1980b). 

Among die cured meat products analysed, bacon 
was unique, in that it was generally free of nitrosamines 
in the raw stage. Nitrosamines were formed in bacon 
only during high-heat frying (Sen et al., 1979). Various 
factors control the formation of NDMA in fried bacon, 
including the initial and residual levels of nitrite, 
processing conditions, the diet of the pigs, the lean to 
adipose tissue ratio, the presence of inhibitors, frying 
temperatures, and cooking methods (Sen, 1986). The 
cooked-out fat contains higher (approximately twice as 
high) levels of nitrosamines than the cooked iean bacon, 
and steam-volatile nitrosamines such as NDMA are 
volatilized in the fumes produced during frying (Sen, 

1986). 

Concentrations ofNDMA in bacon cuTTently 
consumed in Canada are unlikely to be as high as the 
maximum of (7.2 pgtkg reported previously (Sen et ai., 
1979, 1980b), as a result of the introduction of controls 
on the use of nitrate and nitrite in cured meat products in 
1975. However, quantitative data are not available to 
support this conclusion. 

There is consensus among the literature surveyed 
that concentrations ofNDMA in foods from developed 
countries were an order of magnitude lower in the late 
1980s andl990s than in the 1970s (Tricker et ai., 1991a; 
Comee et al., 1992; Sen et al„ 1996). The reduction in the 
concentrations of preformed NDMA in foods is 
attributed to improvements in food cooking and preser¬ 
vation techniques. However, no data are available with 
which to determine whether the concentrations of pre¬ 
formed NDMA in foods in Canada or elsewhere have 
continued to decline throughout, the 1990s or remain at 
the levels measured in the late 1980s and 1990s. 

Most malt beverages, including beer and most 
brands of whiskey, regardless of origin, contain NDMA 
(ATSDR, 1989). The presence ofNDMA in beer was first 
reported in 1977 (Sen et al., 1980a; OME, 1991), Malt was 
found to be the main source ofNDMA contamination in 
beer, and NDMA was shown to he formed during direct 
drying of malt using hot flue gases — a practice that was 
common prior to 1980(Spiegelha]deretal.. 1980). 
Improved malt drying techniques (direct to indirect in 
1981) have now significantly reduced the levels of 
NDMA in malt and beer (OME, 1991; Sen etai., 1996). It 
is currently believed that NDMA is dnly a minor 
component of the total A-nitroso compounds in beer and 


that the major contribution is made by as yet 
unidentified non-volatile /V-nitroso compounds (Massey 
etal., 1990; UK. MAFF, 1992). Among samples of beer 
produced in Canada, a maximum concentration of 
4.9 pg/litre was reported in a beer from Ontario in 1978, 
while in more recent samples (i.e., 1988-1989), the max¬ 
imum concentration was 0,59 pg/litre. Among imported 
beers purchased in Canada, a maximum concentration of 
9.2 pg/litre was reported in a beer sampled in 199 i-1992, 
while in more recent samples (i.e., October-December 
1994), the maximum concentration was 3,2 pgditre. 

NDMA ntay also be endogenously produced in 
vivo from precursor compounds contained in the food 
ingested (e.g., DMA in meats and fish and nitrate/nitrite 
in vegetables) and/or already present in the human body 
(e.g., nitrate, nitrite) (Vermeeretal., 1998). However, 
available data are inadequate to serve as a basis for 
determining the quantities of endogenous NDMA 
formed or their relative contribution to exposure via 
ingestion compared with that from the exogenous pres¬ 
ence ofNDMA in food (Comee et ai., 1992). 

6.1.7 Consumer products 

Exposure can result from the use of consumer 
products that contain NDMA, such as cosmetics and 
personal care products, products containing rubber, and 
tobacco products. 

NDMA has been detected in a variety of persona) 
care and cosmetic products (e.g., shampoos, hair con¬ 
ditioners and toners, bath and shower gels, creams and 
oils, face tonics, cleansers), likely due to the reaction of 
nitrosating agents such as nitrite and/or nitrogen oxides, 
which occur frequently therein (Spiegeihaider & 
Preussmann, 1984), with amine-containing compounds, 
which are used extensively in ingredients of personal 
care products. Examples include surfactants, detergents, 
foam boosters, protein additives, and colouring agents 
(ECETOC, 1990). Nitrosation of precursor compounds in 
cosmetic matrices, which likely include quaternary 
ammonium compounds, betaines, and amine oxides 
(ECETOC, 1991), is often slow, but cosmetic products 
may remain on store shelves and in consumers’ cabinets 
for extended periods of time, during which nitrosamines 
can continue to form in the products (Havery & Chou, 
1994). 

Fifty (or 34.5%) of 145 products surveyed in 
Germany in 1984 contained NDMA, at a maximum 
concentration of24 pg/kg in one shampoo (Spiegei¬ 
haider & Preussmann, 1984). In some countries, controls 
have been introduced to limit levels of nitrosamines in 
cosmetics. For example, in Canada, manufacturers who 
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submit cosmetic notifications for formulations that 
include combinations of such precursor substances are 
requested to provide evidence that the level of nitros- 
amines present in the product or formed over a period 
equivalent to the shelf life of the product does not 
exceed 10 jig/kg. Failing this, manufacturers are required 
to reformulate the products to remove either the amines/ 
amides or the nitrosating agents (R. Green, personal 
communication, 1995). 

Rubber-containing products that come into 
contact with human skin are another potential source of 
exposure to NDMA, since dialkylamines used in rubber 
vulcanization as accelerators and stabilizers can react 
with nitrosating agents to form nitrosamines (Biaudet et 
al., 1997). NDMA has been detected in a diverse 
selection of workplace, consumer, and medical products 
containing rubber (Health Canada, 1999). The maximum 
concentration of NDMA detected (i.e,, 329 mg/kg) was in 
latex disposable protective gloves in the USA. However, 
only a smail proportion of the total nitrosamines in the 
gloves would be expected 1o be leached out and 
dermally absorbed (Fiddler et al., 1985). W-Nitrosamines 
have been detected in baby bottle rubber nipples and 
pacifiers in Canada. The maximum concentrations of 
NDMA reported in the published literature were 25 
mg/kg in baby bottle rubber nipples and 8.6 mg/kg in 
rubber pacifiers (Sen etal., 1984). 

The nitrosation of natural constituents of tobacco 
during curing and fermentation results in the fonnation 
of three major classes of /V-nitroso compounds in 

tobacco and tobacco products.volatile, non-volatile, 

and tobaeeo-specific A/-nitrosamines (Hoffmann et al., 
1984; Trickerctal., 1991b). In addition, the combustion 
of cigarette tobacco results in the pyrolytic formation of 
volatile /V-nilrosamines, including NDMA (Tricker & 
Prcussmann, 1992). The yields of these volatile N- 
nitrosamines in cigarette smoke from combustion of 
tobacco depend on many chemical and physical param¬ 
eters, including the amounts of organic nitrogen and 
nitrate present (Hoffmann et al., 1987), Furthermore, 
nicotine serves as a specific precursor for formation of 
NDMA (Hoffmann et at., 1987). 

The NDMA content of cigarette and oral tobacco 
and the amounts of NDMA in mainstream smoke, 
sidestream smoke, and ETS have been assessed in 
several studies (Health Canada, 1999). The levels of 
preformed volatile A'-nitrosamines in the cigarette 
tobacco are considerably lower than the corresponding 
levels in the mainstream smoke (Tricker et al., 1991b), and 
the levels of NDMA in sidestream smoke are generally I 
or 2 orders of magn itude greater than in the mainstream 
smoke from the same cigarette (Health Canada, 1999). 


The average ETS emission factor for NDMA for six 
US commercial cigarette brands was 570 ± 120 ng/ 
cigarette (Daisey etal., 1994; Mahanama& Daisey, 1996). 
These data have been extrapolated to estimate the 
concentration of NDMA in indoor air spaces of defined 
volume and air exchange rates. The predicted concentra¬ 
tions of NDMA in indoor air ranged from 0.002 to 
0.005 mg/m 3 (Mahanama & Daisey, 1996). Predicted 
concentrations based on data from other studies ranged 
from 0.011 to 0.037 mg/m 3 (Mahanama & Daisey, 1996), 
These modelled concentrations are similar to the 
measured concentrations of NDMA in indoor air con¬ 
taminated with ETS, summarized in section 6.1.2. 

6.2 Human exposure: environmental 

Point estimates of daily intake (per kilogram body 
weight), based on available data that are limited in both 
spatial and temporal scope and reference values for 
body weight, inhalation volumes, and amounts of food 
and drinking-waler consumed daily, are presented for six 
age groups in Table 2. These are ranges of reasonable 
worst-case estimates of daily intake, based on historic 
data, and indicate that daily intake of NDMA may be as 
high as 0.03 pg/kg body weight per day. It is not 
possible to develop defensible estimates of the current 
average daily intakes of NDMA for the general 
population due to the limitations of the (particularly 
recent) available Canadian data. If, despite these 
limitations, the lower ends of the ranges of reasonable 
worst-case estimates are considered upper bounds of 
average population exposure estimates, the daily intake 
of NDMA from outdoor air (in the vicinity of point 
sources), water, and food for the general population is 
unlikely to exceed 0.008 pg/kg body weight per day. 

Based on the assumptions underlying the reasonable 
worst-case estimates, most of the daily intake can be 
attributed to consumption of food contaminated with 
NDMA during processing, preservation, and/or 
preparation. It should be noted, though, that the data on 
which the estimates in food are based may not be rep¬ 
resentative of the situalion today, due to the impact of 
subsequent introduction of changes in food processing 
and controls to limit formation in food. Intake of NDMA 
due to inhalation of air contaminated by atmospheric 
discharges from industrial point sources contributes 
somewhat less to the total daily intake, 1 and an even 
smaller contribution is attributed to consumption of 
drinking-water containing NDMA, based on a survey of 


1 Since NDMA was not detected in the one available 
survey of air not impacted by industrial point sources 
(i.e., Windsor, Ontario) (Ng & Karellas, 1994b), data were 
considered inadequate as a basis for estimation of the 
intake of NDMA in ambient air by the general population 
residing in an urban area, without point sources. 
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Table 2: Reasonable worst-case estimates of daily intake of NDMA by the general population in the sample country. 



Reasonable worst-case estimates of daily intake of NDMA (pg/kg body weight per day) 

Media 

0-0,5 years" 

0.5-4 years 11 

5-11 years' 

12-19 years 4 

20-59 years" 

00+ years' 

Aim 

0.0005-0.005 

0.DG1-0.011 

0.0008-0.009 

0.0004-0.005 

0.0004-0.004 

0.0003-0.004 

Water 41 

0.0013-0.004 

0.0006-0.002 

0.0004-0.001 

0.0002-0.001 

0.0003-0.001 

0.0003-0.001 

Food'J 

D.O0Q4-O.O01* 

0.0065-0.016 

0.0045-0.011 

0.0036-0.009 

0.0043-0.011 

0.0036-0.009 

Subtotals 

0.0022-0.010' 

0.0081-0.029 

0.0057-0.021 

0.0042-0.015 

0.005-0.016 

0.0042-0.014 

indoor air- 
ETS m 

0.06 

0.13 

0.10 

0.06 

0.05 

0.04 

Groundwater 

0.14-0.31 

Q.06-0,13 

0.05-0.10 

0.03-0.06 

0.03-0.06 

0.03-0,06 

Beer 4 




<0.0002 

0.0009 

<0.0004 

Shampoo 11 




0-00002 

0.00002 

0.00002 


" Assumed to weigh 7.5 kg, to drink 0.8 litres/day of total tap water (as infant formula), and to breathe 2.1 m 3 of air per day (EHD, 
1998). 

b Assumed to weigh 15.5 kg, to drink 0.7 litres/day of total tap water, and to breathe 9.3 m 3 of air per day (EHD, 1998). 

5 Assumed to weigh 31.0 kg, to drink 1.1 litres/day of total tap water, and to breathe 14.5 m 3 of air per day {EHD, 1998). 

d Assumed to weigh 59.4 kg, to drink 1.2 litres/day of total tap water, and to breathe 15.8 m 3 of air per day (EHD, 1998). 

• Assumed to weigh 70.9 kg, to drink 1.5 litres/day of total tap water, and to breathe 16.2 m 3 of air per day (EHD, 1998). 

{ Assumed to weigh 72.0 kg, to drink 1.6 litres/day of total tap water, and to breathe 14.3 m a of air per day (EHD, 1993). 

3 These reasonable worsf-cas© estimates of intake by inhalation are based on short-term measurements of NDMA in outdoor afr in the 
close vicinity of point sources of atmospheric discharge in Ontario. The minimum estimates are based on the lowest limit of 
detection (i.e., 0.0017 \igl m a ) for half-hour averaging times for Trace Atmospheric Gas Analyser (TAGA) measurements of NDMA in 
Kitchener, Ontario, in 1992 (technical memorandum from A. Ng to M. Lusis dated 24 July 1992 regarding the Kitchener(1992) 
survey: NC Rubber Products Inc. — Results of the mobile TAGA 6000; with covering memorandum dated 28 July 1992 from M, 

Lusis to D. Ireland regarding the mobile TAGA 6000 survey of NC Rubber Products Inc.; Toronto, Ontario, Ontario Ministry of the 
Environment), The maximum estimates are based on the censored mean concentration (i.e., 0.019 pg/m 3 ) for half-hour averaging 
times for TAGA measurements of NDMA (n = 74) In Elmira and Kitchener, Ontario (technical memorandum from A. Ng to M. Lusis 
dated 24 July 1992 [see above]; technical memorandum from A. Ng to G. De Brou dated 27 April 1990 regarding the Elmira (1990) 
survey: Results of the mobile TAGA; with covering memorandum dated 5 May 1990 from L. Lusis to E. Plche regarding the Elmira 
NDMA survey report, April 1990; Toronto, Ontario, Ontario Ministry of the Environment). Concentrations equivalent to one-half Ihe 
appropriate limits of detection were assumed for half-hour averages during which NDMA was not detected. It was assumed that the 
population would be exposed to similar concentrations for 24 h daily, and that concentrations in the indoor air would be the same 
as those in outdoor air, in the immediate vicinity of the point sources. 

h These reasonable worst-case estimates of intake by ingestion of drinking-wat&r are based on concentrations of NDMA measured in 
drinking-water in Ontario, The minimum estimates are based on the mean concentration (i.e,, 0,012 pg/litre) for 20 samples from 
four water treatment plants in Ontario where elevated concentrations of NDMA were attributed to the use of a pre-blended 
polyamine/alum product in the water treatment plant (Ontario Ministry of Environment and Energy, unpublished data, 1996). The 
maximum estimates are based on the maximum concentration (i.e., 0.04 pg/litre) among these 20 samples, measured at the water 
treatment plant in Huntsville, Ontario (Ontario Ministry of Environment and Energy, unpublished data, 1996). 

* Daily consumption rates (i.e., grams/person per day) of 181 food items by six age groups of Canadians (EHD, 1998) are the basis for 
the calculation of the reasonable worst-case daily Intake of NDMA from Ingestion of foods. In Canada, NDMA has been detected in 
10 food items for which these dally consumption rates are available. (Intakes from an 11th food item [i.e., beer] are not included in 
these intake estimates.) The maximum concentrations of NDMA reported for each of the 10 food items (Sen et al., 1978, 1979, 
1980b, 1985) were selected for calculation of the maximum estimates of intake from foods for the six age groups. Concentrations of 
NDMA in the remaining 171 food items were assumed to be zero. 

i The maximum concentrations in each of the 10 food items (i.e,, referred to in footnote i) were reduced in proportion to the 
frequencies of detection of NDMA in the food item for calculation of the minimum estimates of intake from foods for the six age 
groups (EHD, 1998). The number of samples of each of the 10 food items referred to in footnote i ranged from 2 (for cottage cheese) 
to 55 (for cured pork). The frequencies of detection of NDMA in the 10 food items were calculated and ranged from 25% to 100%. 
Concentrations of NDMA in the remaining 171 food items were assumed to be zero. 

k The estimates of intake of NDMA by infants were based on the assumption that these infants consume table-ready foods at rates 
Indicated in EHD (1998). 

1 The total daily intake of NDMA by infants is overestimated, since the infants are assumed to be consuming both formula (i.e., 
reconstituted with drinking-water) and table-ready foods on a daily basis. 

™ Based on the assumption that the population spends 21 h/day (EHD, 1998) breathing ETS-contaminated indoor air containing 
NDMA at the maximum reported concentration (0.24 pg/m 3 ) measured In a bar in the USA (Brunnemann & Hoffmann, 1978). 

» Based on the minimum (1.3 pg/iitre) and maximum (2.9 pg//itre) concentration of NDMA in well water in Elmira, Ontario (Kornelsen 
et al., 1989), resulting from contamination of groundwater by a nearby industrial facility, and average daily rates of water 
consumption (EHD, 1998). 

° Based on the most recent maximum concentration (0.59 pg/litre) of NDMA in Canadian beer (Sen et at., 1996) and average daily 
rates of intake of beer from EHD (1998). Intake from imported beer may be higher. 

p Dermal intake only. These estimates are based on the Canadian regulatory limit (i.e., 10 pg/kg) for nitrosamines jr personal care 
products (R. Green, personal communication, 1995). Shampoo was selected, as the maximum reported concentration of NDMA (24 
(jg/kg) in such products has been in shampoo in Germany (Spiegelhalder & Preussmann, 1984). Dermal intake was estimated by a 
generalized approach involving product use scenarios (ECETOC, 1994). 


13 


PM3001127487 

Source: https://www.industrydocuments.ucsf.edu/docs/smhk0001 



Concise International Chemical Assessment Document 38 


water treatment plants in Ontario. However, although 
possibly unrepresentative, available data indicate that 
contaminated groundwater in the vicinity of industrial 
point sources can, in some cases, lead to intakes that are 
greater than those from all other media combined. 

If it is assumed that the population is exposed to 
the maximum concentration of NDMA in ETS- 
contaminated indoor air (0.24 jtg/in 3 ) for 21 li/day (EHD, 
1998), the upper-bounding estimates of intake by 
inhalation range from 0.04 to 0.13 pg/kg body weight per 
day. [f it is assumed that an average adult smoker 
consumes 20 cigarettes a day and that the mainstream 
smoke contains between 4 and 278 ng/cigarette (Adams 
et al., 1987; Kataoka et al., 1997), the estimated intake of 
NDMA is 0.080-5.6 pg/smoker per day, or 0.001-0.08 
pg(kg body weight per day. The upper end of this range 
of estimates of daily intake for smokers (i.e., 0.08 gg/kg 
body weight per day) is 5 times greater than the upper 
end of the range of reasonable worst-case estimates of 
intakes for adults from air, water, and food (i.e., 0.016 
gg/kg body weight per day, as summarized in Table 2). 

Reasonable worst-case estimates of daily intake of 
NDMA for all age groups from ingestion of contami¬ 
nated groundwater range from 0.03 to 0.31 pgfkg body 
weight per day (see Table 2). These estimates are based 
on the minimum (i.e., 1.3 pg/litre) and maximum (i.e., 2.9 
pg/!itre) confirmed concentrations of NDMA in supply 
wells in Elmira, Ontario, in 1989 (Komelsen et al., 1989), 
The groundwater was contaminated by discharges from 
a nearby industrial facility. 

Estimates of daily intake of NDMA from ingestion 
of beer are not included in the reasonable worst-case 
estimates of intake from food in Table 2. For comparison, 
the most recent maximum concentration (i.e., 0.59 pg/li- 
tre) of NDMA in Canadian beer 1 (Sen et al., 1996) and 
average daily rates of consumption of beer (EHD, 1998) 
are the basis for reasonable worst-case estimates of daily 
intake, which range from <0.0002 to 0.0009 pg/kgbody 
weight per day. 

Based on the limit (i.e., 10 pg/kg) for nitrosamines 
in cosmetics in Canada (R. Green, personal communica¬ 
tion, 1995), the potential dermal uptake oFNDMA from a 
shampoo was estimated based on product use scenarios 
(ECETOC, 1994), A shampoo was selected for this cal¬ 
culation, as the maximum reported concentration (i.e., 

24 pg/kg) of NDMA in personal care products was in a 
shampoo in Germany (Spiegelhalder & Prcussmann, 

1984). The estimated uptake of0.000 02 pg/kg body 
weight per day resulting from this calculation (Health 
Canada, 1999) is several orders of magnitude less than 


the reasonable worst-case estimates of combined daily 
intakes from air, water, and food that are summarized in 
Table 2. 

6.3 Human exposure: occupational 

Although NDMA is not used directly, workplaces 
in which there is potential for exposure to NDMA (as a 
by-product of manufacturing processes) include, but are 
not necessarily limited to, leather tanneries, rubber and 
tire industries, rocket fuel industries, dye manufacturers, 
soap, detergent, and surfactant industries, foundries 
(core-making), fish processing industries (fish meal 
production), pesticide manufacturers, and warehouses 
and sales rooms (especially for rubber products) 

(ATSDR, 1989). Occupational exposure may result from 
inhalation or dermal contact (ATSDR, 1989). The 
National Occupational Exposure Survey (1981-1983) 
indicated that 747 workers, including 299 women, were 
potentially exposed to NDMA (NIOSH, 1984) in the 
USA. US Occupational Safety and Health Administration 
regulations concerning NDMA (OSHA, 1993) designate 
stricl procedures to avoid worker contact. Mixtures 
containing >1.0% NDMA must be maintained in isolated 
or closed systems, workers must observe special 
hygiene rules, and certain procedures must be followed 
for movement of the material and in case of accidental 
spills or emergencies. Synthetic cutting fluids, 
semisynthetic cutting oils, and soluble cutting oils may 
contain nitrosamines, either as contaminants in amines 
or as products from reactions between amines and 
nitrite. Concentrations of nitrosamines ranging from 1 to 
1000 mg/litre have been determined in certain synthetic 
cutting oils. There are approximately 8-12 additives that 
could be responsible for nltrosamine formation in cutting 
oils. Approximately 750 000-780 000 workers employed 
by more than 1000 cutting fluid manufacturing firms are 
potentially exposed to nitrosamines in cutting oils. In 
addition, there is potential exposure of an undetermined 
number of machine shop workers who use these fluids. 
Kuuppinen et al. (2000) estimated that in the early 1990s, 
about 14 000 workers in the European Union likely had 
occupational exposure to NDMA. Based upon 
monitoring studies conducted in a number of rubber 
manufacturing facilities in Europe, reported maximum 
concentrations of NDMA in workplace air have ranged 
from about 1 jigtm 3 into the hundreds of micrograms per 
cubic metre (Ducos & Gaudin, 1986; Daubourg ct al., 

1992; Solionova et al., 1992; Rogaczewska & 
Wroblewska-Jakubowska, 1996; Oury et al., 1997; Straif 
et al., 2000). 


1 Intake from imported beer may be higher. 
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Figure 2: Pathways of NDMA metabolism 
(adapted from ATSDR, 1939; Haggerty & Holsappie, 1990; Lee et al., 1996). 


7. COMPARATIVE KINETICS AND 
METABOLISM IN LABORATORY ANIMALS 
AND HUMANS 


While quantitative data in humans have not been 
identified, on the basis of studies conducted with labora¬ 
tory animals, ingested NDMA. is absorbed rapidly and 
extensively (i.e,, >90%) (Daugherty & Clapp, 1976; Diaz 
Gomez et al., 1977; Kunisaki et al., 1978), primarily from 
the lower intestinal tract (Phillips et al., 1975; Hashimoto 
eta!., 1976; Agrelo et al., 1978; Pegg&Perry, 1981). 
Detection of NDMA in the urine of rats and dogs 
exposed by inhalation indicates that the nitrosamine is 
absorbed through the lungs; however, reliable 
quantitative information on the absorption of NDMA 
following inhalation was not identified. Although 
quantitative data were not identified, absorption through 
the skirt may be inferred from the results of a study in 
which small amounts (i.e., 0.03%) of NDMA were 
detected in the urine of rats following epicutaneous 
(dermal) administration of a solulion containing 350 gg 
NDMA (Spiegelhalder cr al., 1982). 

Once absorbed, NDMA and its metabolites are 
distributed widely (Daugherty & Clapp, 1976; Anderson 
et al., 19S6) and likely passed to offspring through 
mothers’ milk (Diaz Gomez et al., 1986). The nitrosamine 
and its metabolites have been detected in the fetuses of 
pregnant rodents injected with the substance (Althoff et 
al., 1977; Johansson-Brittebo & Tjalve, 1979). 
Pharmacokinetic analyses of NDMA injected 
intravenously into a number of laboratory species have 


revealed that the nitrosamine is cleared rapidly from the 
blood, with metabolism involving both hepaiic and 
extrahepatic components. NDMA and its metabolites 
may he excreted in the urine or exhaled as carbon 
dioxide. 

Quantitative information from studies on the 
metaholism of NDMA in individuals was not identifiecL 
However, based upon a few studies in which the meta¬ 
bolic conversion of NDMA in human liver preparations 
has been examined, there appear to be no qualitative 
differences in the metabolism of NDMA between 
humans and laboratory animals. The metabolism of 
NDMA involves either the • -hydroxylation or denitrosa- 
tion of the nitrosamine (Figure 2). Both pathways are 
considered to proceed through a common intermediate 
radical [CH 3 (CH 2 *)N-N=0], generated by the action of 
the cytochrome P450 [CYP2E1] -dependent mixed- 
function oxidase system (Haggerty & Holsappie, 1990; 
Lee et al., 1996). Along the * -hydroxylation pathway, the 
hydroxymethylnitrosamine (H0CH 2 CH 3 N-N=0) formed 
from the intermediate radical decomposes to 
formaldehyde (itself ultimately converting to carbon 
dioxide) and monomethylnitrosamine (CH 3 NHN=0); the 
monomethylnitrosamine, owing to its instability, under¬ 
goes rearrangement to the strongly methylating methyl- 
diazonium ion (CH 3 N + * N), which alkylates biological 
macromolecules such as DNA, RNA, and proteins. 
Metabolic conversion of the intermediate radical via 
denitrosation may lead to the formation of methylamine 
(CH 3 NHj) and formaldehyde. 
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8. EFFECTS ON LABORATORY 
MAMMALS AND IN VITRO TEST SYSTEMS 


NDMA has been consistently potently carcino¬ 
genic in all experimental species examined. Since 
exposure to NDMA occurs principally through its 
occurrence as a contaminant in media to which the 
general population is exposed, this end-point is expected 
to be limiting; hence, the focus of testing and, as a 
result, assessment has been carcinogenicity. Other end¬ 
points have not been well investigated; available data 
are considered inadequate as a basis for their meaningful 
characterization, In addition, exposure in available 
studies has been restricted primarily to ingestion; hence, 
meaningful dose-response analyses for other routes of 
exposure, even for the critical end-point (e.g., carcino¬ 
genicity), are precluded. 

8.1 Single exposure 

NDMA is highly acutely toxic alter oral adminis¬ 
tration to rats, with LD so s ranging from 23 to 40 mg/kg 
body weight. It is also highly acutely toxic via inhala¬ 
tion; 4-h LC J0 s tire 78 ppm (240 mg/m 3 ) for rats and 
57 ppm (176 mg/m 3 ) for mice. One day after three dogs 
were exposed (via inhalation) to 16 ppm (49 mg/m 3 ) 
NDMA for 4 h, one had died, and the others were mori¬ 
bund (ATSDR, 1989). in ali three species, acute inhala¬ 
tion exposure produced haemorrhagic necrosis in the 
liver; an increased blood clotting time was reported for 
the NDMA-exposed dogs (ATSDR, 1989). Following 
intraperitoneal exposure, LD 50 s of 43 mg/kg body weight 
in rats and 20 mg/kg body weight in mice have been 
reported (IARC, 1978). (n other laboratory species, acute 
exposure to NDMA produced effects in the liver 
(bepatotoxicity), kidney (tumours), and testes (necrosis 
of the seminiferous epithelium) (Magee & Barnes, 1962; 
Schmidt & Murphy, 1966; Hard & Butler, 1970a,b; 
McLean & Magee, 1970; OME, 1991). 

8.2 Irritation and sensitization 

Data on the potential of NDMA to induce sensi¬ 
tization and/or irritation were not identified. 

8.3 Short- and medium-term exposure 

Hepatic effects (i.e., hepatocyte vacuolization, 
portal venopathy, and necrosis/haemorrhage), often 
associated with reduced survival, have been observed in 
a number of mammalian species exposed orally under 
various conditions (e.g., in rats receiving 1, 3.8, or 
5 mg NDMA/kg body weight per day for 30, 7-28, or 
5-11 days, respectively; in mice receiving 5 mg/kg body 
weight per day for 7-28 days; in hamsters receiving 
4 mg/kg body weight per day for 1-28 days; in guinea- 


pigs, cats, and monkeys receiving 1 mg/kg body weight 
per day for 30 days or 5 mg/kg body weight per day for 
5-11 days; in dogs receiving 2.5 mgdeg body weight per 
day, 2 days/week, for 3 weeks; and in mink receiving 0.32 
mg/kg body weight per day for 23-34 days) (summarized 
from IARC, 1978; ATSDR, 1989). 

In addition to effects in the liver, “congestion” in a 
variety of organs (i.e., kidneys, lung, spleen, and myo¬ 
cardium) has been reported following examination of rats 
receiving 3.8 mg NDMA/kg body weight per day in the 
diet for 1—12 weeks (Khanna & Puri, 1966). Gastro¬ 
intestinal haemorrhage has been observed in rats 
receiving dietary doses of 10 mg NDMA/kg body weight 
per day for 34—37 days (Barnes & Magee, 1954) and in 
mink receiving 0.3 or 0.6 mg NDMA/kg body weight per 
day in the diet for 23-34 days (Carter et at., 1969). Effects 
in the kidneys (including glomerulus dilatation and slight 
thickening of the Bowman’s capsule) were observed in 
mink receiving 0.2 nig NDMA/kg body weight per day 
from the diet (period not specified) (Martino et ah, 1988). 

8.4 Carcinogenicity 

Although most studies would be considered 
limited by current standards (e.g., small group sizes, 
single dose levels, limited histopatbological examina¬ 
tion), there has been clear, consistent evidence of 
carcinogenicity in a number of studies in which rodents 
(i.e., rats, mice, hamsters) were exposed to NDMA orally, 
via inhalation, or by intratracheal instillation. NDMA 
increased tile incidence of liver and Leydig cell tumours 
in rats ingesting this nitrosamine from drinking-water or 
the diet (Terao ct al., 1978; Aral et al., 1979; Ito et al., 

1982; Lijinsky & Reuber, 1984); increased tumour 
incidences were noted at concentrations of NDMA of 
about 5 mg/litre in drinking-water and 10 mg/kg in the 
diet. Increased incidences of nasal, hepatic, pulmonary, 
and renal tumours were observed in rats exposed to 
NDMA via inhalation (Moiseev & Benemanskii, 1975; 
Klein et al, (991); increases in the incidence of hepatic, 
pulmonary, and renal tumours were observed following 
exposure to NDMA at a concentration of 0.2 mg/m 3 
(Moiseev & Benemanskii, 1975). Hepatic, pulmonary, 
and renal carcinogenicity was observed in mice admin¬ 
istered NDMA via drinking-water (Terrarini et ah, 1966; 
Clapp & Toya, 1970; Anderson etai, 1979, 1986, 1992) or 
through inhalation (Moiseev & Benemanskii, 1975); 
increases in tumour incidence were observed at 
concentrations of NDMA in drinking-water ranging from 
0 01 to 5 mg/litre. Moreover, in some cases (e.g, 

Terracini et al, 1966), the period of exposure to NDMA 
was relatively short (i.e, 3 weeks). NDMA increased the 
incidence of liver tumours in hamsters exposed intra- 
tracheally (Tanaka et al, 1988). The administration of 
NDMA to pregnant rats (by intraperitoneal injection) or 
mice (by stomach tube) increased the frequency of 
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hepatic and renal tumours in the offspring (Alexandrov, 
1968; Anderson et a]., 1989). An increased incidence of 
renal tumours has also been observed in rats adminis¬ 
tered either a single oral (Magee & Bames, 1962) or 
intraperitoneal (Hard & Butler, 1970a; McLean & Magee, 
1970) dose of NDMA (at levels of 30-60 mg/kg body 
weight). 

In a more recently conducted comprehensive 
carcinogenicity bioassay (designed to provide detailed 
information on exposure-response) involving lifetime 
exposure, 15 dose groups of 60 male and 60 female 
Colworth-Wistar rats were provided with drinking-water 
containing a wide range of concentrations of NDMA 1 
(Tables 3 and 4) (Brantom, 1983; Petoetal., 1991a,b).The 
estimated daily intakes of NDMA ranged from 0,001 to 
0.697 mg/kg body weight in the males and from 0.002 to 
1.224 mg/kg body weight in the females. A control group 
of 120 males and 120 Females received drinking-water 
1 without NDMA (Brantom, t983; Petoetal., 1991a, b). 
Groups of animats were taken for interim sacrifice after 12 
and 18 months of study. Survival of the animals was 
reduced with increasing dose; animals in the highest 
dose group did not survive longer than 1 year. There 
were no significant differences in body weight between 
the exposed animals and the controls. Dose-related 
increases in tumour incidence were observed only in the 
liver in both males and females (see Tables 3 and 4). The 
increase in tumour incidence was greatest for 
hepatocellular carcinoma and biliary cystadenoma. Non¬ 
neoplastic effects observed in the liver included 
hyperplastic nodules and the shrinkage of hepatocytes. 

8.5 Genotoxicity and related end-points 

In numerous studies conducted in vitro in 
bacterial and mammalian cells, there has been 
overwhelming evidence that NDMA is mutagenic and 
clastogenic (reviewed in [ARC, 1978; ATSDR, 1989). 
Increased frequencies of gene mutations, chromosomal 
damage, sister chromatid exchange, and unscheduled 
DNA synthesis have been observed in a wide variety of 
cell types, in assays conducted in the presence or 
absence of metabolic activation. Positive results have 
been observed in human as well as rodent cells. 

Similarly, dear evidence of genetic effects has also 
been observed in in vivo studies. Clastogenic effects 
(e.g., micronuclei, sister chromatid exchange, chromo¬ 
somal aberrations) in hepatocytes (Tates et al., 1980, 

1983, 1986; Mehta cta!„ 1987; Braithwaite & Ashby, 


1 The concentrations of NDMA were 33, 66, 132, 264, 528, 
1056, 1584, 2112,2640, 3168, 4224, 5280, 6336, 8448, and 
16 896 pgditre. 


1988; Cliet et al., 1989; Neft & Conner, 1989; Sawada et 
al., 1991), bone marrow cells (Bauknecht et a!., 1977; 

Wild, 1978; Neal & Probst, 1983; Collaborative Study 
Group for the Micronucleus Test, [986; Neft & Conner, 

1989; Krishna et al., 1990; Sato et ah, 1992; Morrison & 
Ashby, 1994), spleen cells (Neft & Conner, 1989; Krishna 
et ah, 1990), and peripheral blood lymphocytes (Tates et 
ah, 1983; Satoet ah, 1992), as well as in oesophageal 
(Mehta et ah, 1987) and kidney cells (Robbiano et ah, 
1997), have been observed in rodents (rats, mice, or 
hamsters) administered NDMA either orally or by 
intraperitoneal injection. Increased frequencies of 
micronucleafed cells were observed at doses as low as 5 
mgtkg body weight in rats (Trzos et ah, 1978; Mehta et 
ah, 1987). Effects in germ cells (i.e., micronucleated 
spermatids) were observed in mice given 6 or 9 mg 
NDMA/kg body weight via intraperitoneal injection 
(Cliet et ah, 1993). The inhalation exposure of female mice 
to 1030 mg NDMA/m 3 increased the frequency of 
micronucleated hone marrow cells (Odagiri et ah, 1986). 
Evidence of genotoxicity (e.g., chromosomal aberrations, 
micronuclei, gene mutation, DNA strand breaks) has also 
been observed in the offspring of hamsters (Inui et ah, 
1979) and mice (Bolognesi et al., 1988) administered 
NDMA during gestation, 

In rodents (rats, mice, or hamsters) administered 
NDMA either orally or by intraperitoneal injection, evi¬ 
dence of DNA damage has been observed in the liver, 
kidneys, and lungs (Laishes et al., 1975; Petzold & Swen- 
berg, 1978; Abanobi et al., 1979; Mirsalis & Butterworth, 
19S0; Brambilla et al., 1981, 1987: Bermudez et al„ 1982; 
Cesarone et ah, 1982; Barbin et ah, 1983; Doolittle et al„ 
1984; Kombrust& Dietz, 1985; Lotiryetah, 1987; 
Mirsalis et ah, 1989; Pool et al., 1990; Brendler ct ah, 

1992; Jorquera et ah, 1993; Asakura et al., 1994; Tinwell et 
ah, 1994; Webster et ah, 1996). DNA damage in thymus 
(Petzold & Swenbeqg, 1978), sperm (Cesarone et ah, 

1979), and nasal and tracheal cells (Doolittle et ah, 1984) 
has also been noted. NDMA was mutagenic at the lacl 
locus (in the liver) in in vivo assays involving transgenic 
mice (Mirsalis etah, 1993; Tinwell et ah, 1994; 
Butterworth et ah, 1998). Effects (i.e., increased 
unscheduled hepatic DNA synthesis) have been 
observed in rats at doses as low as 0.1 mg NDMA/kg 
body weight (Mirsalis & Butterworth, 1980). 
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Table 3: Carcinogenicity study with male rats.* 


NDMA 

concentration in 

Estimated 

intake 

Animals with hepatic tumours (%)= 


Exposure 

group 

drinking-water 

(mg/litre) 

(mg/kg body 
weight per day) h 

Carcinoma Haemangiosarcoma Biliary cystadenoma 

1 

0 

0 

1 

1 

1 

2 

0.033 

0.001 

2 

0 

4 

3 

0.066 

0.003 

2 

0 

4 

4 

0.132 

0.005 

4 

2 

4 

5 

0.264 

D.011 

2 

4 

4 

6 

0.528 

0.022 

6 

0 

2 

7 

1.056 

0.044 

10 

2 

2 

8 

1.584 

0.065 

13 

2 

8 

9 

2.112 

0,087 

10 

13 

13 

10 

2.640 

0.109 

25 

13 

23 

11 

3.168 

0.131 

29 

29 

27 

12 

4.224 

0.174 

33 

21 

25 

13 

5.280 

0.218 

58 

6 

2S 

14 

6.336 

0.261 

60 

15 

40 

15 

8.440 

0.348 

77 

6 

29 

16 

16.896 

0.697 

88 

6 

4 


° Brantom (1983); Peto et al. (1991a,b). Animals were provided, for their entire lives until natural death, drinking-water containing 
the indicated concentrations of NDMA. The animals were sacrificed and necropsied if moribund or exhibiting palpable liver 
alterations. 

» intakes estimated by authors (Peto et al., 1991b). 

c Proportion of animals with tumours specified at each dose level; n = 192 for unexposed controls (treatment group 1); n = 48 for each 
dose level (treatment groups 2-16) (Brantom, 1983). 


8.6 Reproductive toxicity 

Available data are inadequate as a basis for 
assessment of the reproductive or developmental 
toxicity of NDMA. Interpretation of the results of most 
identified investigations is complicated by the high 
doses administered, likely to have induced acute or 
repeated-dose organ toxicity. In a report by Anderson et 
al. (1978), time to conception in female mice provided 
with drinking-water containing 0.1 mg NDMA/litre for 
75 days prior to mating was about 3 days longer than in 
unexposed controls; no other reproductive effects were 
assessed in this study. In a study conducted with male 
rats, a single intraperitoneal injection of 30 or 60 mg 
NDMA/kg body weight induced testicular damage 
(necrosis or degeneration of the seminiferous epithelium) 
(Hard & Butler, 1970b). 

In a single-generation study (Anderson et al., 

1978) in which the reproductive effects of a number of 
substances were examined, groups of 20 remale mice 
were provided with drinking-water containing 0 or 0.1 mg 
NDMA/litre for 75 days prior to mating and throughout 
pregnancy and lactation (estimated daily and total 


intakes of 0.02 mg/kg body weight per day and 2 mg/kg 
body weight, respectively). The proportion of deaths 
(based upon the total number of stillborn and neonatal 
deaths) was increased (P< 0.05) 2-fold in the NDMA- 
exposed animals compared with controls (i.e., 20% and 
9.9%, respectively), due in large part to an increase in the 
number of stillborn animals. Exposure to NDMA had no 
effect upon maternal fluid consumption, litter size, or 
average body weight of the weanlings, and no 
consistent gross or histopathological abnormalities were 
observed in the stillborn fetuses or dead neonates to 
account for the increased mortality. In a somewhat more 
recent study with mice administered higher doses of the 
nilrosamine, a single intraperitoneal injection of 37 mg 
NDMA/kg body weight on day 16 or 19 of gestation 
resulted in the deaths of all fetuses in exposed dams; 
information on maternal toxicity was not provided 
(Anderson et al., 1989). Notably, this dose is greater than 
the LD S0 for this route in these animals of 20 mg/kg body 
weight ([ARC, 1978). In the same study, lethality was not 
observed following the administration of 7.4 mg 
NDMA/kg body weight (Anderson et al., 1989). 
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Table 4: Carcinogenicity study with female rats.* 


Exposure 

group 

NDMA 

concentration in 
drinking-water 
(mg/Jitre) 

Estimated 

intake 


Animals with hepatic tumours (%)' 


(mg/kg body 
weight per day) 11 

Carcinoma 

Haemanglosarcoma 

Biliary cystadenoma 

1 

0 

0 

1 

1 


2 

2 

0,033 

0.002 

0 

2 


2 

3 

0.066 

0.005 

0 

0 


8 

4 

0.132 

0.010 

4 

2 


0 

5 

0.264 

0,019 

4 

0 


6 

6 

0.528 

0.038 

10 

2 


10 

7 

1.056 

0.076 

6 

4 


15 

3 

1.584 

0.115 

10 

2 


71 

9 

2.112 

0.153 

10 

6 


69 

10 

2.640 

0.191 

3 

2 


83 

11 

3.168 

0.229 

13 

6 


92 

12 

4.224 

0.306 

15 

4 


90 

13 

5.280 

0.382 

25 

0 


85 

14 

6.336 

0.459 

38 

0 


69 

15 

8.448 

0.612 

69 

6 


33 

16 

16.896 

1.224 

73 

10 


8 


“ Brantom (1983); Pelo et al. (1991a,b). Animals were provided, for their entire lives until natural death, drinking-water containing the 
indicated concentrations of MDMA. The animals were sacrificed and necropsied if moribund or exhibiting palpable liver alterations. 

» Intakes estimated by authors {Peto et al., 1991b). 

« Proportion of animals with tumours specified at each dose level; n = 192 for unexposed controls (treatment group 1); n =4B for each 
dose level (treatment groups 2-16) (Brantom, 1983). 

Fetal body weight was significantly (P < 0.05) 
reduced after a single oral dose of 20 mg NDMA/kg 
body weight was administered to pregnant rats on day 
15 or 20 of gestation (Nishie, 1983). Although informa¬ 
tion on fetal survival or teratogenicity was not provided, 
toxic effects (reduced weight gain, hepatotoxicity, and 
death) were observed among the dams. Fetal deaths were 
noted in a number of studies (cited in ATSDR, 1989) 
conducted with rats in which NDMA was administered 
to pregnant dams l) as a single oral dose (30 mg/kg body 
weight) on one of days 1-12 (Alexandrov, 1974) or 1-15 
(Napalkov & Alexandrov, 1968) of gestation; 2) as 
repeated gavage doses of 1.4—2.9 mg/kg body weight per 
day for 7 or more days during gestation (Napalkov & 

Alexandrov, 1968); or 3) in the diet (intake of 5 mg/kg 
body weight per day) from an unspecified day of 
pregnancy to sacrifice on day 20 of gestation 
(Bhattacharyya, 1965). Although no teratogenic effects 
were reported in these studies, interpretation of these 
investigations is difficult owing to insufficient informa¬ 
tion on experimental design and results, lack of controls, 
and lack of information on maternal toxicity (ATSDR, 

1989). The doses administered in some of these studies 
were close to the LD 5(J . 


8.7 Neurotoxicity and effects on fhe 

immune system 

Data concerning effects on the brain or central 
nervous system in animals exposed to NDMA were not 
identified. 

Similarly, available data are inadequate as a basis 
for assessment of the immunological effects of NDMA. 
Interpretation of the results of most identified investi¬ 
gations is complicated by likely toxicity associated with 
the high doses administered. In studies in which B6C3F, 
female mice were administered repeated intraperitoneal 
injections of l .5, 3, or 5 mg NDMA/kg body weight per 
day for 14 days, observed effects on the immune system 
included suppression of humoral immunity with declines 
in the IgM antibody-forming cell response to sheep red 
blood cells and reductions in splenocyte proliferation in 
response to tipopolysaccharide (reviewed in Haggerty & 
Holsapplc, 1990). Also observed were reductions in T- 
lymphocyte function (i.e., reduced cell-mediated immu¬ 
nity) with a decline in proliferative responses to various 
T-cell mitogenic stimuli, suppression of the mixed lymph¬ 
ocyte response, and selected delayed hypersensitivity 
responses, as well as significant reductions in host 
resistance to infection with Listeria monocytogenes, 
Streptococcus zooepidemicus, or the influenza virus or 


19 


PM3001127493 

Source: https://www.industrydocuments.ucsf.edu/docs/smhk0001 



Concise International Chemical Assessment Document 38 


to challenge with B16F10 tumour cells. Reductions in 
antibody formation and in vitro lymphoproliferative 
responses were observed in male BALB/c mice admin¬ 
istered 5 mg NDMA/kg body weight intraperitonealiy for 
14 days (Jeong& Lee, 1998). 

Female CD-I mice provided with drinking-water 
containing 5 or 10 mg NDMA/Iitre for 30-120 days 
exhibited marked suppression of humoral- and cell- 
mediated immunity (Desjardins et al,, 1992); however, 
effects were reversible within 30 days of cessation of 
exposure. No effects were observed in animals consum¬ 
ing drinking-water containing 1 mg NDMA/litre. 

8.8 Mode of action 

There is strong evidence that the toxicological 
effects of NDMA are directly dependent upon the 
CYP2E1-dependent metabolic conversion of this 
nitrosamine to highly reactive species. Lee etal. (1996) 
attributed the hepatotoxicity of NDMA to the methyl- 
diazonium ion formed via the • -hydroxylation pathway; 
denitrosation was considered to make little contribution 
to the overall hepatotoxic effect of this nitrosamine in 
rats. The principal DNA adduct formed following expo¬ 
sure to NDMA is ;V 7 -methylguanine (representing aboul 
65% of all adducts formed initially upon exposure); O 6 - 
methylguanine is a secondary adduct (representing 
about 7% of all adducts formed initially), Other DNA 
adducts formed in smaller amounts include (V 3 - 
methyladenine and Cri-methy I thymine. 

W 7 -Methylguanine may undergo depurination 
yielding apttrinic sites, which, if not repaired prior to 
DNA replication, can result in guanine to thymine trans- 
versions (Swenberg et al., 1991). O^-Metliylguanine and 
0 4 -methylthymine (formed at about 1% of the amount of 
0 6 -methylguanine) are strongly promutagenic by direct 
mispairing. 0 6 - M ethy lguani ne gives rise to guanine: 
cytosine to adenine:thymine (i.e., G:C to A:T) transitions, 
while O^-methylthymine causes A:T to G:C transitions 
(Swenberg et ah, 1991; Souliotis et al., 1995). 

Available data are consistent with the formation 
and persistence of the secondary adduct, O s -methyl- 
guanine, being associated with both the carcinogenicity 
and mutagenicity of NDMA (reviewed in Haggerty Sc 
T-Totsapple, 1990; Swenberg et al., 1991; Souliotis et al., 
1995). The ability of cells to repair DNA adducts (by 
removing O f ’-iitethyIguanine through the action of a 
specific 0 < ’-mcthyIguanine DNA-methyltransfecase) prior 
to cell division likely plays a critical role in determining 
the susceptibility of tissues to tumour development. 

In monkeys administered (orally) 0.1 mg NDMA/kg 
body weight, 0 6 -tnethylguanine was detected in 
32 tissues examined (Anderson et al., 1996). The highest 


levels were in the gastric mucosa and liver, but elevated 
levels were also present in white blood cells, the oesoph¬ 
agus, ovaries, pancreas, bladder, and uterus. 0 6 -Methyl- 
guanine DNA-methyltransferase activity varied over a 
30-fold range; the highest activities were in the gastric 
mucosa, liver, kidneys, and lungs. The formation of O f '~ 
methylguanine was detected in fetal liver, lung, kidney, 
spleen, and brain in a study in which pregnant patas 
monkeys were administered (intragastrically) a single 
dose of 1 mg NDMA/kg body weight (Chhabra et al., 
1995). 

The greater persistence of <? 6 -methyIguanine DNA 
adducts in the kidney compared with the liver in rats 
administered a single oral dose of 20 mg NDMA/kg body 
weight parallels earlier findings in which the acute oral or 
intraperitoneal administration of NDMA to rats at such 
dose levels increased the incidence of kidney but not 
liver tumours (Magee & Barnes, 1962; Schmidt & 
Murphy, 1966; Hard & Butler, 1970a; McLean & Magee, 
1970). In contrast, die long-term oral administration of 
low doses of NDMA (i.e., <2 mg/kg body weight per 
day) increased the incidence of liver but not kidney 
tumours in these animals (Brantom, 1983; Lijinsky & 
Reuber, 1984; Petoetah, I991a,b), a finding attributed to 
the first-pass metabolism of NDMA in the liver 
(Swenberg et al., 1991). 

There are quantitative age- and species-related 
differences in hepatic d? 6 -methylguamne, possibly 
associated with variations in the activity of the trans¬ 
ferase, consistent with observed variations in the car¬ 
cinogenicity of the compound among species and 
strains exposed under various conditions. These include 
greater hepatic activity in adults versus newborn mice 
(Coccia et al., 1988), in rats versus mice (Lindamood et 
al., 1984), and between strains of mice (greater in C3 H 
than in C57BL) (Lindamood et a!., 1984). 

Evidence supporting a role for 0 6 -methyIguanine 
formation in tumour development following exposure to 
NDMA was recently reviewed by Souliotis et al. (1995). 
G:C to A:T transitions have been observed in the ras 
oncogene in mouse lung tumours induced by NDMA 
(Devereux et al., 1991), in the livers of lacl transgenic 
mice administered a single dose of 4 mg NDMA/kg body 
weight (Mirsalis et al„ 1993), and in the liver, kidney, and 
lung of lacl transgenic mice administered five daily 
doses of 1 mg NDMA/kg body weight (Wang et al., 

1998). Moreover, transgenic mice expressing high levels 
of 0 6 -methylguaninc DNA-methyltransferase in the liver 
were less susceptible than normal controls to NDMA- 
induced hepatocarcinogenesis (Nakatsuru et al., 1993). 
However, Souliotis et al. (1995) also reported that the 
dose-response relationship for the accumulation of O 6 - 
methylguanine in hepatic DNA in rats administered 
drinking-water (for 28 days) containing concentrations 
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of NDMA similar to those used in the study conducted 
at BIBRA Toxicology International (Brantom, 1983; Peto 
et ah, 199 la,b) did not strictly parallel the dose-response 
for the development of hepatic tumours in ihe carcino¬ 
genicity bioassay, 


9. EFFECTS ON HUMANS 


Two deaths linked to the acute ingestion of 
NDMA, as well as a third attributed to the consumption 
of at least four doses of approximately 250-300 mg 
NDMA over a 2-year period, have been reported 
(Fussganger & Ditschuneit, 1980; Pedal et ah, 1982). 

Liver failure was observed in all three cases; the two 
acutely exposed decedents also exhibited cerebral 
haemorrhage. In two fatalities involving exposure to 
unknown concentrations of NDMA fumes, a tender and 
enlarged liver, splenic enlargement, abdominal disten¬ 
sion, and the accumulation of yellow fluid in the peri¬ 
toneal cavity were observed in one man prior to dealh 
(Freund, 1937); in the other death, liver cirrhosis was 
observed at autopsy (Hamilton & Hardy, 1974). In two 
other non-fatai cases involving exposure to NDMA 
fumes, effects included jaundice, the accumulation of 
fluid in the peritoneal cavity, exhaustion, headaches, 
abdominal cramps, soreness on the left side, nausea, and 
vomiting (Freund, 1937; Hamilton & Hardy, 1974). 

Relevant epidemiological studies include case- 
control investigations in which the potential risks of 
cancer of the stomach (Risch et ah, 1985; Gonzalez et ah, 
1994; La Vecchiaet ah, 1995; Pobcl ct ah, 1995), upper 
digestive tract (Rogers et a!., 1995), and lung (Goodman 
et ah, 1992; De Stefani et ah, 1996) associated with the 
ingestion of NDMA have been assessed. In some of 
these reports (Goodman et ah, 1992; Gonzalez et ah, 1994; 
Pobel et ah, 1995), tire estimated intake of NDMA was 
based upon recollection of an individual’s typical diet 
consumed in the year preceding the onset of illness, as 
well as the reported levels of this nitrosamine in the 
foodstuffs consumed, derived from other studies. In the 
studies conducted by De Stefani et ah (1996) and Rogers 
et ah (1995), subjects were asked to recall their typical 
diet in the 5 and 10 years, respectively, prior to the onset 
of illness. 


In three of four case-control studies,' there was a 
positive relationship with evidence of 
exposure-response for the intake of NDMA and gastric 
cancer (Gonzalez et ah, 1994; La Vecchia et ah, 1995; 
Pobel et ah, 1995), although not in an additional study in 
which oral, laryngeal, and oesophageal cancers were 
invesligated separately (Rogers et at., 1995). In two 
case-control studies 2 in which matching or control for 
confounders was rather more extensive than that for the 
investigations of gastric cancer mentioned above, there 
were clear exposure-response relationships for NDMA 
and lung cancer (Goodman et ah, 1992; De Stefani et ah, 
1996). In almost all studies, associations between the 
cancers of interest and nitrate, nitrite, and NDMA were 
examined; results were relatively consistent in this 
regard, with there being an association with cancer most 
commonly with NDMA; results for nitrite were mixed, 
and there was an inverse association with nitrate. 

In a population-based cohort study that assessed 
the risks of head and neck, stomach, and colorectal 
cancer associated with the dietary intake of NDMA, the 
relative risk (RR) of colorectal cancer was increased for 


1 In Gonzalez et ah (1994), the odds ratios (ORs) for 
gaslric cancer were 1,1.86, 1.79, and 2.09 among 
individuals with intakes of NDMA in the first (reference 
group), second, third, and fourth quartiles, respeclively 
(P— 0.007 for trend). Pobel et ah (1995) reported ORs 
(95% confidence intervals [CIs]) (adjusted for age, sex, 
occupation, and total caloric intake) of 1,4.13 

(0.93-18.27), and 7.0 (1.85-26.46) among individuals with 
intakes of NDMA in the first (reference group), second, 
and third tertiles, respectively (P = 0.04 for trend). In La 
Vecchia et ah (1995), ORs (95% CIs) (adjusted for age, 
sex, education, family history of gastric cancer, 
combined food score index, intake of* -carotene, vitamin 
C, nitrite, nitrate, and total calories) for stomach cancer 
were 1, 1.11 (0.9-1.4), and 1.37 (1.1-1.7) among 
individuals with intakes of NDMA in the first (reference 
group), second, and third tertiles, respectively (P < 0.01 
for trend). 

2 In Goodman et ah (1992), ORs (95% CIs) (adjusted for 
age, ethnic group, smoking status, pack-years of 
cigarette use, and * -carotene intake) for those in the 
second, third, and fourth quartiles of NDMA intake 
(compared with the first quartile) were (among men) 1.7 
(0.9—3.2), 2.8 (1.4-5.3), and 3.3 C1.7—6-2) and (among 
women) 1.4 (0.7-2.9), 1.8 (0.7-4.2), and 2.7 (1.0-6.9), 
respectively (trends were P = 0.006 and 0.04 for males 
and females, respectively), De Stefani et al. (1996) 
reported ORs (95% CIs) for all types of lung cancer (com¬ 
bined) among individuals in the first, second, third, and 
fourth quartiles of NDMA intake of 1, 0.88 (0.53-1.48), 
1.77 (1.06-2.96), and 3.14 (1.86-5.29), respectively (P < 
0.001 for trend). 
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the group having the highest intake of NDMA 1 (Knekt et 
ah, 1999). The highest intake group had increased and 
reduced RRs of head and neck (RR = 1.37; 95% Cl = 
0.5-3.74) and stomach cancer (RR = 0.75; 95% Cl = 
0.37-1.5]), respectively, compared with the lowest 
quartile (reference group). 

There appears to be no qualitative difference 
between rodents and humans in the formation of DNA 
adducts following exposure to NDMA. In a case of 
suspected NDMA poisoning in a human male, methyl- 
ation ofliver DNA was evident at both the N 7 and 
positions of guanine (Herron & Shank, 1980). Using an 
immunohistochemical technique, Parsaet al. (1987) 
detected the formation of <2 a -melhylguanine in human 
pancreatic explants incubated in vitro with NDMA. 


10. EFFECTS ON OTHER ORGANISMS IN 
THE LABORATORY AND FIELD 


10.1 Aquatic environment 

Green algae (Selenostrum capricornutum) and 
blue-green algae (Anabaena fios-aqm) were exposed to 
NDMA overa 13-day period in static systems. The test 
was conducted to determine effects on algal growth rate, 
cell number, maximum standing crop, and dry weight. 

The 13-day EC 3u s for growth were 4 mg/litre and 

5.1 mg/litre for the green and blue-green algae, respec¬ 
tively (Draper & Brewer, 1979), 

Draper & Brewer (1979) reported a 96-h LC SU of 940 
mg/litre for fathead minnow (Pimephales promelas) and 
a 96-h LC 5U of 1365 mgditre for flatworms (Dugesia 
dorotocepkaid). For scud (Gammarus limnaeus), 96-h 
LC J0 values ranged from 280 to 445 mg/iitre (Draper & 
Fisher, 1980). Both studies were conducted in static 
renewal systems. 

The LC 30 values for a saltwater fish, the common 
mummichog (Fimdulus heteroclitus), in a static non¬ 
renewal system were 8300 mg/litre at 24 h, 5500 mg/litre at 
48 h, 4700 mg/litre at 72 h, 3300 mg/litre at 96 h, and 2700 
mg/litre at 120 h (Ferraro et al., 1977). 

Grieco et al. (1978) reported a dose-related increase 
in hepatocellular carcinomas in a study in which rainbow 
trout (Oncorhynchus mykiss) received 3, 200,400, or 800 


1 The RRs (95% Cis) (adjusted for age, sex, municipality, 
smoking, and energy intake) of colorectal cancer among 
those with intakes of NDMA in the first (reference), 
second, third, and fourth quartiles were 1, 1.47 
(0.69-3.11), 1.95 (0.95-3.99), and2.12 (1.01-4.33), 
respectively (P = 0.47 for trend). 


mg NDMA/kg in the diet over 52 weeks. Tumours did 
not form in trout receiving 3 mg/kg, although body 
weight was reduced. OME (1998) observed that growth 
reduction in rainbow trout was a more sensitive 
response than tumour induction. 

Frogs (Rana temporaria) were exposed to 5 mg 
NDMA/litre in water for 63 days and 203 days, in both 
studies, the frogs developed hepatocellular carcinomas 
as well as adenomas and turnouts of the haematopoietic 
system. Approximately 44% of the frogs exposed for 203 
days developed tumours (Khudoley, 1977). In another 
species of frog (Xertopus borealis) exposed for 52 weeks 
to 400 mg NDMA/litre in aquarium water, 54% of the test 
animals developed liver and kidney tumours (Khudoley 
& Picard, 1980). The authors believed that amphibians 
were more sensitive (shorter latency period and higher 
tumour incidence) than fish to the carcinogenic effects 
of the nitrosamine. 


11. EFFECTS EVALUATION 


11.1 Evaluation of health effects 

11.1.1 Hazard identification 

Although NDMA is acutely toxic and induces 
hepatic damage in several species at dose levels of 
approximately 1 mg/kg body weight per day in short-term 
experiments, the main concern is its carcinogenicity: 
NDMA has been consistently shown to be a potent 
carcinogen in al! experimental species studied. Data on 
other end-points are very limited. 

Available data are consistent with the toxicological 
effects of NDMA being due, in large part, to the alkyl¬ 
ation of biological macromolecules (e.g., DNA, RNA, 
proteins) by the methyldiazonium ion formed during 
metabolism. Putative pathways for the metabolism of 
NDMA are similar in rodents and humans. 

11.1.1.1 Carcinogenicity 

Information relevant to assessment of the carcino¬ 
genicity of NDMA has been derived from epidemio¬ 
logical (case-control) studies of the general population, 
carcinogenesis bioassays involving laboratory animals, 
and supporting data related to the genotoxicity, metabo¬ 
lism, and interaction of this compound with biological 
macromolecules. 

Although the database is rather limited, data from 
epidemiological studies are at least suggestive of an 
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association between exposure to NDMA and several 
forms of cancer (i.e., gastric and lung), with some con¬ 
sistency of evidence for gastric cancer and for exposure- 
response for lung cancer, the latter in studies in which 
matching or control for confounders was most extensive. 
Although estimated intakes in these investigations were 
based on dietary recall, and although confounding 
factors such as alcohol were not accounted for, the data 
fulfil, at least in part, some of the traditional criteria for 
causality of an association between ingestion of NDMA 
and cancer. 

With the exception of a very extensive recent 
study, the identified carcinogenesis bioassays for 
NDMA are considered limited by current standards (e.g., 
single dose levels, small group sizes, limited histopatho- 
logical examination). The weight of evidence of die 
carcinogenicity of NDMA in mammalian species is 
consistent and convincing. Moreover, the pattern of 
tumour development is characteristic of that fora mode 
of action of carcinogenesis involving direct interaction 
with genetic material. In available studies, NDMA has 
induced tumours in all species examined (mice, rats, 
hamsters), at relatively low doses in some cases, 
irrespective of the route of exposure (oral, inhalation); 
tumours were induced in a wide range of tissues, 
including the liver, Leydig cells, lungs, kidney, and nasal 
cavity, in the absence of significant non-neoplastic 
effects, in the limited number of studies in which these 
were well examined. Where it was reported, time to first 
tumour was relatively short, The incidence of specific 
tumours has been increased following administration of 
even a single dose or repeated doses for short periods 
(i.e., 2-3 weeks); tumours have also been observed in 
the offspring of exposed pregnant rats and mice. 

NDMA has been consistently mutagenic and 
clastogenic in human and rodent cells exposed in vitro. 
Clear evidence of genetic effects has also been observed 
in a number of tissues from animals exposed to this sub¬ 
stance. Notably, genotoxic effects have been observed 
in tissues (i.e., liver, kidney, lung) where tumours com¬ 
monly arise following experimental exposure to NDMA 
and in genn cells. 

DNA adducts (in particular, 0 6 -methyIguanine) 
formed by the methyldiazonium ion generated during 
metabolism likely play a critical role in NDMA carcino¬ 
genicity. Observed variations in carcinogenicity among 
species and strains correlate well with variations in 
activity of 0 6 -methyiguanine DNA-methyltransferase. 
Putative pathways for the metabolism of NDMA are 
similar in rodents and humans, and indeed the formation 
of 0 & -methylguanine has been detected in human tissues 
exposed to NDMA. 


Therefore, owing to the considerable evidence of 
carcinogenicity of NDMA in laboratory species, evi¬ 
dence of direct interaction with DNA consistent with 
tumour formation, and the apparent lack of qualitative 
species-specific differences in the metabolism of this 
substance, NDMA is highly likely to be carcinogenic to 
humans. 

11.1.1.2 Non-neop!astic effects 

Information on adverse health effects other than 
cancer in humans associated with exposure to NDMA is 
limited. In case reports, liver failure, brain haemorrhage, 
and death have been attributed to the ingestion of 
NDMA. Effects resulting from exposure to unspecified 
amounts of airborne NDMA have included an enlarged 
liver and spleen, hepatic cirrhosis, jaundice, ascites, and 
death. 

Data on non-neoplastic effects in laboratory 
animals associated with exposure to NDMA are also 
inadequate, attributable primarily to the focus on its 
carcinogenicity. Effects on the liver and kidney in 
repeated-dose toxicity studies (>0.2 mg NDMA/kg body 
weight per day), embryo toxicity and embiyo lethality in 
single-dose developmental studies (20-30 mg/kg body 
weight), and a range of immunological effects (suppres¬ 
sion of humoral- and cell-mediated immunity) reversible 
at lowest concentrations (5 mg NDMAriitre) have been 
reported. 

11.1.2 Dose-response analyses 

The principal route of human exposure to NDMA 
for the general population, including those exposed in 
the vicinity of point sources, is ingestion. 1 Moreover, 
information on exposure-response for the critical end¬ 
point following inhalation and dermal exposure to 
NDMA is limited. Therefore, quantitation of dose- 
response is limited here to exposure via ingestion. 

Scaling for variations in the ratios of surface area 
to body weight between rodent species and humans was 
not considered appropriate for the measures of expo¬ 
sure-response developed on the basis of experimental 
data in animals, since it is highly probable that the 
carcinogenicity of NDMA is mediated primarily through 
the generation of an active metabolite (i.e., the methyl¬ 
diazonium ion). 


1 Estimated exposure would be higher if the population is 
assumed to be exposed continuously to the maximum 
concentration of NDMA in indoor air (see Table 2). 
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11.1.2.1 Carcinogenicity 

Cancer is clearly the critical end-point for quanti¬ 
tation of exposure-response for risk characterization of 
NDMA. This has been the best characterized end-point 
for this substance. Moreover, in general, tumours occur 
at lowest concentration, compared with those typically 
reported to induce non-cancer effects. An increased 
incidence of hepatic tumours was observed at doses as 
low as approximately 0.1 mg/kg body weight per day in 
rats (Brantom, 1983; Petoetal., 199 la,b), and the 
genotoxieity of NDMA (including fomiation of 
putatively critical adducts with DNA), for which the 
weight of evidence is exceedingly consistent and 
convincing, undoubtedly plays a critical role in tumour 
induction. A 2-fold increase in stillbirths and neonatal 
deaths (combined) was observed in mice receiving an 
estimated daily intake of 0.02 mg NDMA/kg body weight 
per day for 75 days prior to mating and throughout 
pregnancy and lactation. However, exposure to NDMA 
had no effect upon maternal fluid consumption, litter 
size, or average body weight of the weanlings, and there 
were no consistent gross or histopathological 
abnormalities in the stillborn fetuses or dead neonates to 
account for the increased mortality. Moreover, increased 
mortality was not observed in another study in winch 
mice were administered higher doses of the nitrosamine 
(i.e., a single intraperitoneal injection of 7.4 mg NDMA/ 
kg body weight on day 16 or 19 of gestation) (Anderson 
etal., 1989). 

Quantilation of exposure-response for cancer for 
NDMA is based on studies in laboratory animals, since 
existing epidemiological data, although suggestive of a 
possible association between ingestion of NDMA and 
cancer, are inadequate to serve as a basis for characteri¬ 
zation of exposure-response. There appear to be no 
qualitative differences in metabolism of NDMA between 
humans and laboratory animals, and there is no reason 
to believe that humans would respond qualitatively dif¬ 
ferently. 

By far the most suitable study for exposure- 
response analyses of the carcinogenic effects of NDMA 
is that reported by Brantom (1983) and Peto et al. 

(199 la,b), which involved the administration of NDMA 
in drinking-water to a large number (n = 15) of large dose 
groups (n — 60) of male and female rats. Other available 
bioassays are considerably more limited — i.e., single 
dose groups, small group sizes, and histopathological 
examination often restricted to one tissue. 

Quantitation of exposure-response for cancer 
involved calculation of the tumorigenic dos^j 5 (TD US ; i.e., 
the dose level that causes a 5% increase in tumour 


incidence over background). 1 The lowest TD 05 was 
34 pg/kg body weight per day for the development of 
biliary cystadenomas in female rats. This equates to a 
unit risk of 1.5 * I O' 3 per pg/kg body weight (i.e., 
0.05/34). 

11.1.2.2 Non-neoplastic effects 

Information on non-neoplastic effects in humans 
and experimental animals associated with exposure to 
NDMA is inadequate to characterize exposure-response. 

Effects on the liver (i.e., hepatocyte vacuolization, 
portal venopathy, and necrosis/haemorrhage) and 
kidney (i.e., glomerulus dilatation and slight thickening 
of the Bowman’s capsule), “congestion” in the spleen 
and lungs, and gastrointestinal haemorrhage have been 
reported in short- and medium-term studies of animals 
receiving greater than 0.2 mg NDMA/kg body weight per 
day. Embryo toxicity and embryo lethality have been 
observed in a number of inadequately reported studies 
of often non-standard protocol following oral exposure 
to high (maternally toxic) doses in the range of 20-30 
mg/kg body weight per day or lower doses upon 
repeated exposure (l .4-2.9 mg/kg body weight per day 
by gavage or 5 mg/kg body weight per day in diet); 
teratogenicity has not been reported. In one report of a 
single-generation study (Anderson et al., 1978) in mice, 
the number of stillbirths and neonatal deaths (combined) 
was increased 2-fold atO.t mg/litre (estimated daily 
intake of 0.02 mg NDMA/kg body weight per day). 
However, confidence in the significance of this observa¬ 
tion is mitigated by the lack of a more reliable estimate of 
intake, the absence of significant effects on other 
reproductive parameters, the lack of histopathological 
changes to account for the increased mortality, as well 
as the observadon of no increased fetal mortality in 
dams administered a higher total dose of NDMA 
(Anderson et al., 1989). 

Although suppression of cell- and hutnoral- 
mediated immune responses was reported in mice 
consuming doses greater than approximately 1 mg/kg 
body weight per day in drinking-water for 30-120 days, 
effects were fully reversible wilhin 30 days of cessation 
of exposure. 

Based on available documented studies, therefore, 
non-neoplastic effects of NDMA, where they have been 
observed, have typically occurred (except for one report 
of the single-generation reproduction study) at doses 
greater than those at which increases in tumour 
incidence have been reported in other studies (i.e., the 


1 Additional information on calculation of the TD LI . is 
presented in Appendix 4. 
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latter was observed at doses as low as about 0.1 mg/kg 
body weight per day in rats). In addition, in view of the 
likely critical role of the genotoxieity of NDMA in the 
induction of tumours, for which the weight of evidence 
is consistent and convincing, cancer is clearly the critical 
end-point for quantitation of exposure-response for risk 
characterization. Measures based on this end-point will 
be protective for other reported nan-neoplastic effects. 

11.1.3 Sample risk characterization 

For substances such as NDMA, for which it is 
likely that the mode of action for the induction of 
tumours involves direct interaction with genetic material, 
quantitative estimates of carcinogenic potency (i.e., the 
TD,j S ) may be compared with estimates of exposure to 
characterize risk. In the sample country (Canada), with 
the exception of monitoring of NDMA in water supplies 
in Ontario, most of the sampling and analyses for this 
contaminant in the general environment have been 
source directed — i.e., confined to foodstuffs in which it 
is most likely to be present or media in the vicinity of 
industrial sources. 1 The margins between the lowest 
value for the TD 0S (i.e., 34 gg/kg body weight per day) 
and the highest reasonable worst-case estimates for the 
intake of NDMA by individuals in Canada (see Table 2) 

— that is, for children (0.5 4 years) with intakes from air, 
water, and food (0.029 p.g'kg body weight per day), for 
children (0.5-4 years) exposed to ETS-contaminated 
indoor air (0.13 gg/kg body weight per day), or for 
infants (0-0.5 years) consuming contaminated ground- 
water (0.31 Pg/kg body weight per day) — are low 
(approximately 1170,260, and 110, respectively), 
equating to low dose risks of>l(r 5 . Risks for ambient 
drinking-water are between 10" 7 and 10~ 5 . It should be 
noted that the estimates of intake from food represen¬ 
tative of the situation today are probably lower, due to 
the impact of subsequent introduction of changes in 
food processing and controls to limit the formation of 
NDMA. NDMA is a genotoxic carcinogen, and exposure 
should be reduced to the extent possible. 

11.1.4 Uncertainties and degree of confidence in 
human health risk characterization 

Non-neoplastic effects associated with exposure to 
NDMA have not been well studied. Although non- 
neoplastic effects in laboratory animals have typically 
been observed only ai dose levels higher than those 
associated with increased tumour incidence (approxi¬ 
mately 0.1 mg/kg body weight per day in rats), in one 
report, stillborn and neonatal deaths (combined) were 
observed in a single-generation study in mice receiving 


1 NDMA was not detected in a single survey of ambient 
air not impacted by point sources. 


an estimated intake of approximately 0.02 mg/kg body 
weight per day for 75 days. While there is uncertainty 
surrounding the biological significance of this finding, 
further experimental work in this area would provide 
more definitive information concerning potential repro¬ 
ductive effects linked to long-term exposure to low levels 
oFNDMA. 

There is a high degree of certainty that the geno- 
toxicity of NDMA (likely involving the formation of O 6 - 
methylguanine in DNA) is critical in the mechanism of 
carcinogenicity of this substance. Also, due to the 
unusually large number of dose groups in the critical 
study, characterization of exposure-response for induc¬ 
tion of tumours by NDMA in laboratory animals is 
considered to be optimal. 

Comparison of the highest TD 05 identified from the 
study in which exposure-response was best 
characterized (i.e., 82 gg/kg body weight per day for 
hepatic carcinomas in female rats) with the highest 
reasonable worst-case estimates for the intake of NDMA 
by individuals in Canada (in section 11.1.3) would yield 
margins approximately 2.4-fold (i.e., 82 gg/kg body 
weight per day + 34 gg/kg body weight per day) higher 
than those derived (section li. 1.3) on the basis of the 
hepatic biliary cystadenomas in female rats. 

11.2 Evaluation of environmental effects 

11.2.1 Terrestrial assessment end-points 

Since NDMA is not persistent in the environment, 
environmental effects are most likely to occur near point 
sources. Resubs of various industry and municipal 
surveys indicate that most releases of NDMA are to 
water. When NDMA is released to water, nearly all of it 
remains and reacts in the water phase. Based on the 
short half-life of NDMA in air and the amounts being 
released to air, it is unlikely that effects will occur on 
wildlife near point sources. Since there are no detectable 
releases to sediment and soil, and as NDMA does not 
move from water to these compartments, effects on 
wildlife do not appear to be of concern. Therefore, the 
assessment of NDMA released to water focuses on 
organisms exposed in water near point sources. 

11.2.2 Aquatic assessment end-paints 

Assessment end-points include abundance and 
survival of fish, invertebrates, amphibians, and algae. 
These organisms are an integral part of ecosystems, as 
each trophic level provides food for higher levels in the 
aquatic food-chain. For example, algae are primary pro¬ 
ducers, forming the base of the food-chain. The abun¬ 
dance and productivity of phytoplankton are important 
to aquatic ecosystems, because phytoplankton provides 
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food for a variety of planktivorous organisms and thus 
controls energy flow in a portion of the ecosystem. 
Cladocerans such as Daphnia tnagna consume bacteria 
and phytoplankton and are themselves consumed by 
many fish species. Various fish species feed on aquatic 
vegetation, phytoplankton, zooplankton, benthic inver¬ 
tebrates, benthic vertebrates, etc. Vertebrate omnivores 
provide food for vertebrate carnivores. The mast sensi¬ 
tive measurement end-point identified for aquatic 
species was growth of the green alga (Selenastrum 
capricornutum). 

As NDMA is a potent inducer of acute toxic and 
chronic neoplastic lesions in aquatic species, 
assessment end-points reflecting these effects are 
mentioned here, tn nearly all of the studies conducted on 
a variety of species at different trophic leveis, tumours 
have resulted from exposure to NDMA. Although a 
tumorigenie end-point is not traditionally used as an 
indicator of a population-level effect, it may have 
implications if an endangered species is found in the 
area of discharge of effluent containing NDMA. At this 
time, however, implications of tumour induction in 
environmental species are unclear. 

11.2.3 Sample environmental risk 

characterization 

11.2.3.1 Aquatic organisms 

Based on the sources and fate of NDMA, and 
because data on concentrations in ambient water near 
point sources are not available, end-of-pipe concentra¬ 
tions in final effluent were used as a measure of exposure 
of aquatic organisms. Recent concentrations have been 
selected to reflect present exposures. The highest con¬ 
centration of NDMA in wastewater discharged to a water 
body was 0.266 jrg/iitre. Although this concentration is 
expected to decrease, as the company installed a waste¬ 
water treatment plant ini 998, this value is used as the 
estimated exposure value (EEV) in the hyperconservative 
analysis of long-term exposure for aquatic plants and 
animals. 

For long-term exposure of aquatic organisms to 
NDMA, the critical toxicity value (CTV) is 4000 pg/litre, 
based on a 13-day EC 30 for inhibition of growth in the 
green aiga (Selenastrum capricornutum). This value was 
selected from a data set composed of several studies 
conducted on at least eight species of aquatic 
organisms, which include phytoplankton, zooplankton, 
fish, amphibians, and invertebrates. It is important to 
note that in the second most sensitive study, tumours 
were present in the organism. Kirudoley (1977) reported 
that liver tumours were induced in 44% of frogs (Rana 
temporaria) after 203 days of exposure at a 
concentration of 5000 pg/litre. Again, as was indicated in 


section 1 f .2.2 , the implications of tumour induction as a 
population-level effect cannot be determined at this time. 

For a hyperconservative analysis, the estimated 
no-effects value (ENEV) is derived by dividing the CTV 
by an application factor of 100. This accounts for the 
uncertainty surrounding the conversion of a short-term 
EC 50 to a chronic no-effects vaiue, the extrapolation from 
laboratory to field conditions, and interspecies and intra¬ 
species variations in sensitivity. As a result, the ENEV is 
40 pg/litre. 

The hyperconservative quotient is calculated by 
dividing the EEV of 0.266 pg/litre by the ENEV for green 
algae as follows: 

Quotient = ■ EEV - 

ENEV 

= 0.266 ug/litre 

40 pg/litre 

0.007 

Since the hyperconservative quotient is less than 
one, it is unlikely that NDMA releases will cause adverse 
effects on populations of aquatic organisms in the 
sample country. 

11.2.4 Discussion of uncertainty 

Regarding effects of NDMA on aquatic organisms, 
there is uncertainty in the extrapolation from available 
toxicity data to potential ecosystem effects. The toxicity 
data set for aquatic biota, however, is considered ade¬ 
quate, as it includes a variety of species from different 
trophic levels. While some of the studies are relatively 
old (1960s- 1980s), they are generally of good quality 
and are considered acceptable for the assessment. 


12. PREVIOUS EVALUATIONS BY 
INTERNATIONAL BODIES 

NDMA has been classified by the International 
Agency for Research on Cancer (1ARC, 1987) as a 
“probable human carcinogen (Group 2A),’’ based upon 
sufficient evidence of a carcinogenic effect in experi¬ 
mental animal species and the demonstrated similarities 
in its metabolism by human and rodent tissues. 


26 


PM3001127500 

Source: https://www.industrydocuments.ucsf.edu/docs/smhk0001 




N-Nitrosodimethvtamine 


REFERENCES 


Abanobi SE, Farber E, Sarma DSR (1979) Persistence of DMA 
damage during development of liver angiosarcoma in rats fed 
dimethylnitrosamine. Cancer research, 39:1592-1596. 

Adams JD, O’Mara-Adams KJ, Hoffmann D (1987) Toxic and 
carcinogenic agents in undiluted mainstream smoke and side- 
stream smoke of different types of cigarettes. Carcinogenesis, 
8(5):729—731. 

Agrelo C, Phillips JC, Lake BG, Longland RC, Gangollt SD 
(1973) Studies on the gastrointestinal absorption of N- 
nitrosamines: effect of dietary constituents. Toxicology, 
10:159-167. 

Alexandrov VA (1968) Blastomogenic effect of 
dimethylnitrosamine on pregnant rats and their offspring. Nature, 
218:280-281, 

Alexandrov VA (1974) [Embryotoxicand transplacental 
oncogenic action of symmetrical dialkylnitrosamlnes on the 
progeny of rats.] Bulletin of experimental biology and medicine, 
78:1308-1310 (In Russian) [cited in ATS DR, 1989]. 

Althoff J, Pour P, Grandjean C, Marsh S (1977) Transplacental 
effects of nitrosamlnes in Syrian hamsters. Zeitschrift fur 
Krebsforschung , 90:79-86, 

Anderson LM, Giner-Sorolla A, Ebeling D, Budinger JM (1970) 
Effects of imipramfne, nitrite, and dimethylnitrosamine on 
reproduction in mice. Research communications in chemical 
pathology and pharmacology, 19:311-327. 

Anderson LM, Priest LJ, Budinger JM (1979) Lung tumorigenesis 
in mice after chronic exposure in life to a low dose of dimethyl- 
nitrosamine. Journal of the National Cancer Institute, 
62:1553-1555. 

Anderson LM, Harrington GW, Pylypiw HM Jr, Hagiwara A, 

Magee PN (1986) Tissue levels and biological effects of N- 
niirosodimethylamine In mice during chronic low or high dose 
exposure with or without ethanol. Drug metabolism and 
disposition, 14(6): 73 3-739. 

Anderson LM, Hagiwara A, Kovatch RM, Rehm S, Rice JM 
(1989) Transplacental Initiation of liver, lung, neurogenic, and 
connective tissue tumors by Af-nitraso compounds in mice. 
Fundamental and applied toxicology, 12:604-620. 

Anderson LM, Carter JP, Logsdon DL, Driver CL, Kovatch RM 
(1992) Characterization of ethanol's enhancement of 
tumorigenesis by W-nitrosodimethylamlne in mice. 
Carcinogenesis, 13:2107-2 111. 

Anderson LM, Souliotls VL, Chhabra SK, Moskal TJ, Harbaugh 
SD, Kyrtopoulos SA (1996) JV-Nitrosodimethylamine-derived O*- 
methylguanine in DNA of monkey gastrointestinal and 
urogenital organs and enhancement by ethanol. International 
journal of cancer, 66:130-134. 

Aral M, Aoki Y. Nakanishi K, Miyata Y, Mori T, lto M (1979) 
Long-term experiment of maximal non-carcinogenic dose of 
dlmethylnitrasamine for carcinogenesis in rats. Gann, 
70:549-558. 

Asakura S, Sawada S, Daimon H, Fukuda T, Ogura K, Yamatsu 
K, Furihata C (1994) Effects of dietary restriction on induction of 


unscheduled DNA synthesis (UDS) and replicative DNA synthesis 
(RDS) In rat fiver. Mutation research, 322:257-264. 

Atkinson R (1985) Kinetics and mechanisms of the gas-phase 
reactions of hydroxyl radicals with organic compounds under 
atmospheric conditions. Chemical reviews, 85:69-201. 

ATSDR (1989) Toxicological profile for N-nitrosodimethyiamine. 
Prepared by the Syracuse Research Corporation in collaboration 
with the US Environmental Protection Agency. Washington, DC, 
US Public Health Service, Agency for Toxic Substances and 
Disease Registry, 119 pp. 

Ayanaba A, Alexander M (1974) Transformation of 
methylamines and formation of a hazardous product, 
dimethylnitrosamine, in sampfes of treated sewage and lake 
water. Journal of environmental quality, 3:83-89. 

Barbin A, Bere 2 iat J-C, Bartsch H (1983) Evaluation of DNA 
damage by the alkaline elution technique in liver, kidneys and 
lungs of rats and hamsters treated with W-nitraso-dialkyiamines. 
Carcinogenesis, 4:541 -545. 

Barnes JM, Magee PN (1954) Some toxic properties of dimethyl¬ 
nitrosamine. British journal of industrial medicine, 11:167-174 
[cited in ATSDR, 1989]. 

Bauknecht T, Vogel W. Bayer U, Wild D (1977) Comparative in 
vivo mutagenicity testing by SCE and micronucleus induction in 
mouse bone marrow. Human genetics, 35:299-307. 

Bermudez E, Mirsalis JC, Eales HC (1982) Detection of DNA 
damage in primary cultures of rat hepatocytes following In vivo 
and in vitro exposure to genotoxic agents. Environmental 
mutagenesis, 4:667-679. 

Bhattacharyya K (1965) Fetal and neonatal responses to hepato- 
toxlc agents. Journal of pathology and bacteriology, 90:151-161 
[cited in ATSDR, 1989]. 

Biaudet H, MouiUet L, Debry G (1997) Migration of nitrosamlnes 
from condoms to physiological secretions. Bulletin of 
environmental contamination and toxicology, 59:847-853. 

B1BRA Toxicology International (1997) N-Nitrosodimethylamine 
(NDMA). Report prepared for Health Canada, Carshalton, Surrey, 
BIBRAToxicology International. 

BIBRA Toxicology International (1998) Endogenous formation of 
N-nitrosamines. Report prepared for Health Canada. Carshalton, 
Surrey, BIBRA Toxicology International. 

Bolognesl C, Rossi L, Santi L (1988) A new method to reveal the 
genotoxic effects of W-nitrosodimethylamlne in pregnant mice. 
Mutation research, 207:57-62. 

Braithwaite I* Ashby J (1988) A non-invaslve micronucleus assay 
in the rat liver. Mutation research, 203:23-32. 

Brambllla G, Cavanna M, Pino A, Robbiano L (1981) 
Quantitative correlation among DNA damaging potency of six N- 
nitroso compounds and their potency in inducing tumor growth 
and bacterial mutations. Carcinogenesis, 2:425-429. 

Brambilla G, Carlo P, Finollo R, Sciab& L (1987) Dose-response 
curves for liver DNA fragmentation induced in rats by sixteen N- 
nitroso compounds as measured by viscometric and alkaline 
elution analyses. Cancer research, 47:3485-3491. 


27 


PM3001127501 

Source: https://www.industrydocuments.ucsf.edu/docs/smhk0001 




Concise Internationa! Chemical Assessment Document 38 


Brantom PG (1983) Dose-response relationships in nitrosamine 
carcinogenesis. Ph.D. thesis, University of Surrey, Guildford. 
Carshalton, Surrey, British Industrial Biological Research Associ¬ 
ation (BIBRA), 158 pp. 

Brendfer SY, Tompa A, Hutter KF, Preussmann R, Pool-Zobel 
BL (1992) In vivo and in vitro genotoxicity of several 
W-nitrosamines In extrahepatic tissues of the rat. Carcinogenesis, 
13:2435-2441. 

Brunnemann KD, Hoffmann D (1978) Analysis of volatile nitros- 
amines in tobacco smoke and polluted indoor environments. 
Chemical studies on tobacco smoke LIX. IARC scientific 
publications, 19:343-356. 

Budavari S, O’Nell MJ, Smith AS, Heckelman PE, eds. (1989) 
The Merck index — An encyclopedia of chemicals, drugs, and 
biologlcals, 11th ed. Rahway, NJ, Merck & Co., Inc. 

Butterworth BE, Templin MV, Constan AA, Sprankle CS, Wong 
BA, Pluta LJ, Everitt Jl, Recio L (1998) Long-term mutagenicity 
studies with chloroform and dimethylnltrosamine in female lac I 
transgenic B6C3Fi mice. Environmental and molecular 
mutagenesis, 31:248-256. 

Bysshe SB (1982) Bioconcentration factor In aquatic organisms. 
In: Lyman WJ, Reehl WF, Rosenblatt DH, eds. Handbook of 
chemical property estimation methods. Washington, DC, 

American Chemical Society, pp. 5-6. 

Callahan MA, Slimak MW, Gabel NW, May IP, Fowler CF, Freed 
JR, Jennings P, Durfee RL, Whltemore FC, Maestri B T Mabey 
WR, Holt BR, Gould C (1979) Water related environmental fate 
of 129 priority pollutants. Springfield, VA, Versar, Inc. (EPA-440- 
4-79-029a,b). 

Carter RL, Percival WH, Roe FJC (1969) Exceptional sensitivity 
of mink to the hepatotoxic effects of dimethylnitrasamine. 

Journal of pathology, 97:79-88 [cited in ATSDR, 1989J. 

Cassens RG (1997) Residual nitrite In cured meats. Food 
technology, 51:53-55. 

Cesarone CF, Bolognesi C, Qanti L (1979) DNA repair synthesis 
in mice spermatids after treatment with N-methyl-N-nitroso-urea 
and W,/V-dimethylnitrosamine: preliminary results. Toxicology, 
12:183-186. 

Cesarone CF, Bolognesi C, Santi L (1982) Evaluation of 
damage to DNA after In vivo exposure to different classes of 
chemicals. Archives of toxicology, Supplement 5:355-359. 

Chhabra SK, Souiiotis VL, Jones AB, Anderson LM, 

Kyrotopoulos SA (1995) O-Methylguanine DNA-adduct formation 
and modulation by ethanol in placenta and fetal tissues after 
exposure of pregnant patas monkeys to W-nitrosodimethyiamine. 
Proceedings of the American Association for Cancer Research, 
36:150. 

Cfapp NK, Toya RE (1970) Effect of cumulative dose and dose 
rate on dimethyl-nitrosamine oncogenesis in RF mice. Journal of 
the National Cancer Institute, 45:495-49$. 

Clayton G, Clayton F, eds. (1981) Patty's industrial hygiene and 
toxicology, 3rd ed. New York, NY, John Wiley and Sons, pp. 
2786-2788. 

Cliet I, Fournier E, Melclon C, Cordler A (1989) In vivo 

micron ucleus test using mouse hepatocytes. Mutation research, 

216:321-326. 


Cliet I, Melcion C, Cordier A (1993) Lack Of predictivity of bone 
marrow micronucieus test versus testis micronudeus test: 
comparison with four carcinogens. Mutation research, 
292:105-111. 

Coccla P, Salmona M, Diomede L, Citti L, Mariani L, Romano 
M (1988) Liver DNA alkylation after a single carcinogenic dose 
of dimethylnitrosoamine to newborn and adult CFW Swiss mice. 
Chemico-biological interactions, 68:259—271. 

Cohen JB, Bachman JD (1978) Measurement of environmental 
nitrosamines. IARC scientific publications, 19:357-372. 

Collaborative Study Group for the Micronucleus Test. 1986. Sex 
difference in the micronucleus test. Mutation research, 172:151- 
163. 

ConestCga-RoverS & Associates (1994) Treatability test report for 
COneStoga-RoverS 5 Associates On RayOX U Vi oxidation 
treatment of Urtircyal off-site groundwater. Waterloo, Ontario. 
Conestoga-Rovers & Associates, December. 

Cooper SF, Lemoyne C, Gauvreau D (1987) identification and 
quantitation of JV-nitrosamines in human postmortem organs. 
Journal of analytical toxicology, 11:12-18. 

Corn6e J, Lairon D, Velema J, Guyader M, Berthezene P (1992) 
An estimate of nitrate, nitrite and Af-nitrosodimethyl-amin© 
concentrations in French food products or food groups. Sciences 
des aliments, 12:155-197. 

Daisey JM, Mahanam KRR, Hodgson AT (1994) Toxic volatile 
organic compounds in environmental tobacco smoke: Emission 
factors for modeling exposures of California populations. 
Prepared for California Air Resources Board, California 
Environmental Protection Agency. Sacramento, CA. Berkeley, 
CA, University of California, Lawrence Berkeley Laboratory (Final 
Report Contract No. A133-186). 

Daubourg N, Coupard A, Pepe E (1992) Nitrosamines volatiles et 
atmospheres industries. Caoutchoucs & plastiques, 717:103- 
114. 

Daugherty JP, Clapp NK (1976) Studies on nitrosamine metabo¬ 
lism: I. Subcellular distribution of radioactivity in tumor- 
susceptible tissues of RFM mice following administration of 
( I4 C)dimethy1nitrosarnfne. Life sciences, 19:265-271 [cited fn 
ATSDR, 1989]. 

Dean-Raymond D, Alexander M (1976) Plant uptake and 
leaching of dimethylnitrosamine. Nature, 262:394. 

Desjardins R, Fournier M, Denizeau F, Krzystyniak K (1992) 
Immunosuppression by chronic exposure to N- 
nitrosodimethylamine (NDMA) in mice. Journal of toxicology 
and environmental health, 37:351-361. 

De Stefanr E, Denea-Pellegnni H, Carzoglla JC, Rortco A, 
Mendilaharsu M (1996) Dietary nitrosodlmethylamine and the 
risk of lung cancer: a case-control study from Uruguay. Cancer 
epidemiology, biomarkers and prevention, 5:679-682. 

DevereuxTR, Anderson MW, Belinsky SA(1991) Role of ras 
protoancogene activation in the formation of spontaneous and 
nltrosamine-induced lung tumours in the resistant C3H mouse. 
Carcinogenesis, 12:299-303. 

Diaz Gomez Ml, Swann PF, Magee PN (1977) The absorption 
and metabolism in rats of small oral doses of 
dimethylnitrosamine. Biochemical journal, 164:497-500. 


28 


PM3001127502 

Source: https://www.industrydocuments.ucsf.edu/docs/smhk0001 




N-Nitroso dimethylam/ne 


Diaz Gomez Ml, Tamayo D, Castro JA (1966) Administration of 
A/-nitrosodimethylamina, W-nitrosopyrrolidine, or W- 
nltrosonornicotine to nursing rats: ttieir interactions with liver and 
kidney nucleic acids from sucklings. Journal of the National 
Cancer Institute, 76(6): 1 ^ 33-1136. 

DMER, AEL (1996) Pathways analysis using fugacity modelling 
of N-nitrosodimethylamine for the second Priority Substances 
List. Prepared for the Chemicals Evaluation Division, 
Commercial Chemicals Evaluation Branch, Environment 
Canada, Hull, Quebec. Peterborough, Ontario, Don Mackay 
Environmental Research; and Don Mills, Ontario, Angus 
Environmental Limited; 63 pp. 

Doolittle DJ, Bermudez E, Working PK, Butterworth BE (1984) 
Measurement of genotoxlc activity in multiple tissues following 
inhalation exposure to dimethylnitrosamine. Mutation research, 
141:123-127. 

Draper AC, Brewer WS (1979) Measurement of the aquatic 
toxicity of volatile nitrosaminss. Journal of toxicology and 
environmental health, 5:965-993. 

Draper AC, Fisher JW (1980) The effects of selected aquatic 
sediments on the acute toxicity of JV-nitrosodimethy famine to 
Gammarus Kmnaeus. Wright-Patterson Air Force Base, OH, 
Aerospace Medical Research Laboratory, 10 pp. (Technical 
Report No. AMBL-TR-79-94). 

Ducos P, Gaudin G (1986) Exposition professionnelle aux nitros- 
amines volatiles dans i'industrie de caoutchouc de France. 
Cah/ers de notes documentalres, 123:145-150. 

Dunn SR, Pensabene JW, Simenhoff ML (1986) Analysis of 
human blood for volatile W-nitrosamines by gas 
chromatography—chemiluminescence detection. Journal of 
chromatography, 377:35-47. 

ECETOC (1990) Human exposure to N^nitrosamines, their 
effects, and a risk assessment for N-nitrosodiethanolamine in 
personal 1 care products. Brussels, European Centre for 
Ecotoxicology and Toxicology of Chemicals (Technical Report 
No. 41; ISSN-07773-8072-41). 

ECETOC (1991) Critical evaluation of methods for the 
determination ofN-nitrosamines in personal care and household 
products. Brussels, European Centre for Ecotoxicology and 
Toxicology of Chemicals (Technical Report No. 42; JSSN-0773’ 
8072-42). 

ECETOC (1994) Assessment of non-occupational exposure to 
chemicals. Brussels, European Centre for Ecotoxicology and 
Toxicology of Chemicals (Technical Report No. 58; ISSN-0773- 
8072-58). 

EHD (1998) Exposure factors for assessing total daily intake of 
Priority Substances by the general population of Canada. Draft 
Internal report. Ottawa, Ontario, Health Canada, Environmental 
Health Directorate, Bureau of Chemical Hazards, 18 December 
1998. 

Environment Canada (1997) Results of the CBPA Section 16 
Notice respecting the second Priority Substances List and dl(2- 
ethylhexyl)phthalate. Hull, Quebec, Environment Canada, 
Commercial Chemicals Evaluation Branch, Use Patterns 
Section. 

Environment Canada, Health Canada (2001) Canadian Environ¬ 
mental Protection Act, 1999. Priority Substances List 


assessment report — N-Nitrosodimethylamine (NDMA). Ottawa, 
Ontario, Minister of Public Works and Government Services. 

Ferraro LA, Wolke RE, Yevich PR (1977) Acute toxicity of water¬ 
borne dimethylnitrosamine (DMN) to Punduius heterociitus L. 
Journal offish biology, 10:203-209. 

Fiddler W, Pensabene JW, Kimoto WI (1985) Investigation of 
volatile nitrosamines In disposable protective gloves. American 
Industrial Hygiene Association Journal, 46(8):463-465. 

Fjne DH, RounbehlerDP (1976) Environ mental JV-nitroso com¬ 
pounds analysis and formation: Analysis of volatile JV-nitroso 
compounds by combined gas chromatography and thermal 
energy analysis. IARC scientific publications, 14:404-408. 

Fine DH, Rounbehler DP, Huffman F (1975) Analysis of volatile 
W-nitroso compounds in drinking water at the part per trillion 
level- Bulletin of environmental contamination and toxicology, 
14:404-408. 

Fine DH, Ross R, Rounbehler DP, Silvergfeld A, Song L (1977) 
Formation in vivo of volatile N-nitrosamlnes in man after 
ingestion of cooked bacon and spinach. Mature, 265:753-756. 

Freund HA (1937) Clinical manifestations and studies in 
parenchymatous hepatitis. Annals ofinternal medicine, 
10:1144-1155 [cited in ATSDR, 1989[. 

Fussg&nger RD, Dltschuneit H (1980) Lethal exitus of a patient 
with W-nitroso-dlmethylamine poisoning 2.5 years following the 
first ingestion and signs of intoxication. Oncology , 37:273-277. 

Garland WA, Holowschenko H, Kuenzfg W, Norkus EP, Conney 
AH (1982) A high resolution mass spectrometry assay for W- 
nitrosodimetbylamine in human plasma. Irt: Magee PN, ed. 
Nitrosoamlhes and human cancer. Cold Spring Harbor, NY, Cold 
Spring Harbor Laboratory, pp. 183-192 (Banbury Report 12). 

Goff EU, Coombs JR, Fine DH (1980) Determination of N- nitros- 
amlnes from diesel engine crankcase emissions. Analytical 
chemistry, 52:1833-1836. 

Gonzalez CA, Riboli E, Badosa J, Batiste E, Cardona T, Pita S, 
Sanz JM, Torrent M, Agudo A (1994) Nutritional factors and 
gastric cancer in Spain. American journal of epidemiology, 
139:466-473. 

Goodman MT, Hankin JH, Wilkens LR, Kolonel LN (1992) High- 
fat foods and the risk of lung cancer. Epidemiology, 3:288-299. 

Gough TA, Webb KS, Swann PF (1983) Ah examination of 
human blood for the presence of volatile nitrosamines. Food and 
chemical toxicology, 21 ( 2 ): 151 -156. 

Graham JE, Andrews SA, Farquhar GJ, Meresz O (1996) Factors 
affecting NDMA formation during drinking water treatment. In: 
Proceedings of the 1995 Water Quality Technology Conference. 
Denver, CO, American Waterworks Association. 

Grieco MP, Hendricks JD, Scanlon RA, Sinnhube RO, Pierce DA 
(1978) Carcinogenicity and acute toxicity of dimethylnitrosamine 
in rainbow trout (Salmo gairdneri). Journal of the National 
Cancer Institute, 60(5):1127-1131. 

Haggerty HG, HoJsapple MP (1990) Role of metabolism in 
dimethylnitrosamine-induced immunosuppression: a review. 
Toxicology, 63:1—23. 


29 


PM3001127503 

Source: https://www.industrydocuments.ucsf.edu/docs/smhk0001 



Concise International Chemical Assessment Document 38 


Hamilton A, Hardy HL (1974) Industrial toxicology, 3rd ed. 

Acton, MA, Publishing Science Group, J no., p. 311 (cited in 
ATS DR, 1989J. 

Hanst PL, Spence JW, Miller M (1977) Atmospheric chemistry of 
A/-nitroso dlmethylamine. Environmental science and 
technology , 11(4):403-405. 

Hard GC, Butler WH (1970a) Cellular analysis of renal neoplasia: 
light microscope study of the development of interstitial lesions 
induced in the rat kidney by a single carcinogenic dose of 
dimethylnitrosamine. Cancer research, 30:2806-2815. 

Hard GC, Butler WH (1970b) Toxicity of dimethylnitrosamine for 
the rat testis. Journal of pathology, 102:201-207. 

Hashimoto S, Yokokura T, Kawai T, Mutai M (1976) Dimethyl- 
nitrosamin© formation in the gastro-intestinai tract of rats. Food 
and cosmetics toxicology, 14:553-556. 

Havary DC, Chou HJ (1994) Nitrosamines in sunscreens and 
cosmetic products, In: Loeppky RN, Michejda CJ, eds. 
Proceedings of the 204th National Meeting of the American 
Chemical Society on Nitrosamines and Related N-Nitroso 
Compounds, 23-28 August 1992, Washington, DC. Washington, 
DC, American Chemical Society, pp. 20-33 (ACS Symposium 
Series 553). 

Health Canada (1999) Supporting documentation (exposure) for 
N-nitrosodlmethylamlne. Ottawa, Ontario, Health Canada, 
Environmental Health Directorate, Priority Substances Section 
(August 1999 draft). 

Herroh DC, Shank RC (1980) Methylated purines in human liver 
DNA after probable dimethylnitrosamine poisoning. Cancer 
research, 40:3116-3117. 

Hoffmann D, Brunnamann KD, Adams JD, Hecht SS (1984) 
Formation and analysis of N-nitrosamines in tobacco products 
and their endogenous formation In consumers. /ARC scientific 
publications, 57:743-762. 

Hoffmann D, Adams JD, Brunnemann KD (1987) A critical look 
at /V-nitrosamines In environmental tobacco smoke. Toxicology 
letters, 35:1-8. 

Howard PH, Boethling RS, Jarvis WF, Meylan WM, Michalenko 
EM, eds. (1991) Handbook of environmental degradation rates. 
Chefsea, Mi, Lewis Publishers inc. 

Howe RB, Crump KS (1982) G)obaf82: A computer program to 
extrapolate quanta! animal toxicity data to low doses . Ruston, 

LA, Science Research Systems. 

1ARC (1978) Some N-nftroso compounds . Lyon, International 
Agency for Research on Cancer, pp. 125-175 (IARC Monographs 
an the Evaluation of the Carcinogenic Risk of Chemicals to 
Humans, Volume 17). 

Inui N, Nlshi Y, Taketomi M, Mori M (1979) Transplacental 
action of sodium nitrite on embryonic cells of Syrian golden 
hamster. Mutation research, 66:149-158- 

IPCS (1993) International Chemical Safety Card — N-Nitroso- 
dimethylamine . Geneva, World Health Organization, 

International Programme on Chemical Safety (ICSC 0525). 

Ireland D (1989) Information report on drinking water quality, 
Elmira, Ontario. Cambridge, Ontario, Ontario Ministry of the 


Environment, Regional Operations Division, 14 November 1989 
(unpublished). 

Ito N, Fukushima S, Tsuda H, Shirai T (1982) Induction of 
pre neoplastic and neoplastic lesions in rats treated with N-nltroso 
compounds. tARC scientific publications, 41:597-601. 

Jenkins SWD, Koester CJ, Taguchi V, Wang DT, Palmentler J- 
PFP, Hong KP (1995) /V-Nitrosodimethylamine in drinking water 
using a rapid, solid-phase extraction method. Environmental 
science and pollution research international, 2(4):207-2ID. 

Jeong HG, Lee YW (1998) Protective effects of diallyl sulfide on 
Af-nitrosodimethylamine-induced immunosuppression in mice. 
Cancer letters, 134:73-79. 

Jobb DB, Hunsinger RB, Meres? O, Taguchi VY (1993) A study 
of the occurrence and inhibition of formation of N- 
nitrosodimethylamin© (NDMA) in the Ohsweken water supply. In: 
Proceedings of the 1992 Water Quality Technology Conference. 
Denver, CO, American Water Works Association. 

Jobb DB, Hunsinger RB, Taguchi VY, Meresz 0 (1994) Removal 
of N-nitrosodimethylamine (NDMA) from the Ohsweken (Six 
Nations) water supply: Final report. Toronto, Ontario, Ontario 
Ministry of Environment and Energy, Science and Technology 
Branch (ISBN 0-7778-3439-1). 

Johansson-Brittebo E, Tjalve H (1979) Studies on the 
distribution and metabolism of 14 C-dimethylnitrosamine in foetal 
and young mice. Acta Pharmacologies et Toxicologfca, 
45:73-80. 

Jorquera R, Castonguay A, Schuller HM (1993) Effects of age 
and ethanol on DNA single-strand breaks and toxicity induced by 
4-(methylnitrosamino)-1-(3-pyridylM-butanone or N- 
nitrosodimethylamine in hamster and rat liver. Cancer letters, 
74:175-181. 

Kakizoe T, Wang T-T, Eng VWS, Furrer R, Dion P, Bruce WR 
(1979) Volatile N-nitrosamines in the urine of normal donors and 
of bladder cancer patients. Cancer research, 39:829-832. 

Kataoka H. Kurisu M, Shlndoh S (1997) Determination of 
volatile A/-nitrosamines in combustion smoke samples. Bulletin 
of environmental contamination and toxicology, 59:570-576. 

Kauppinen T, Toikkanen J, Pedersen D, Young R, Ahrens W, 
Boffetta P, Hansen J, Kromhout H, Blasco JM, Mirabelll E, de ia 
Orden-Rivera V, Pannett B. Plato N, Savela A, Vincent R, 
Kogevinas M (2O00) Occupational exposure to carcinogens in 
the European Union. Occupational and environmental medicine, 
57:10-18. 

Kelly PM, Gray J!, Slattery S (1989) Direct “low-NOX” gas com» 
bustion heating of a spray drier during milk powder manufacture. 
Journal of the Society of Dairy Technology , 42(1):14-18, 

Khanna SD, Purl D (1966) The hepatotoxic effects of dimethyl¬ 
nitrosamine in the rat, Journal of pathology and bacteriology , 

91:6Q5-6D8 [cited in ATSDR, 1989]. 

Khudoley VV (1977) The induction of tumours in Rana 
temporaria with nitrosamines. Neoplasma, 24(3):249-252. 

Khudoley VV, Picard JJ (1980) Liver and kidney tumours 
induced by Af-nitrosodimethyiamine in Xenopus borealis 
(Parker). International journal of cancer, 25:679-883. 


30 


PM3001127504 

Source: https://www.industrydocuments.ucsf.edu/docs/smhk0001 



N-Nitrosodimcthylamin e 


l, 

I: 

t. 


Kimoto Wl, Dooley CJ, Carre J, Fiddler W (1981) Nitrosamines in 
tap water after concentration by a carbonaceous adsorbent. 
Water research, 15:1099-1106, 

Klein RG, Janowsky [, Pool-Zobel BL, Schmezer P, Hermann R, 
Amelung F, Splegelhalder B, Zeller WJ (1991) Effects of long¬ 
term inhalation of W-nitroso-dimethylamine in rats. IARC 
scientific publications, 105:322-328. 

Kins H, Begutter H, Scherer G, Trfcker AR, Adlkofer F (1992) 
Tobacco-specific and volatile /V-nltrosamines in environmental 
tobacco smoke of offices, indoor environment, 1:348-350. 

Knekt P, J&rvinen R, Dich J, Hakulinen T (1999) Risk of 
colorectal and other gastro-intestinal cancers after exposure to 
nitrate, nitrite and N-nltroso compounds: a foliow-up study. 
International journal of cancer, 80:852-856. 

Kornbrust D, Dietz D (1985) Arocfor 1254 pretreatment effects on 
DNA repair in rat hepatocytes elicited by in vivo or in vitro 
exposure to various chemicals. Environmental mutagenesis, 
7:857-870. 

Kornelsen PJ, Hallett DJ, Brecher RW (1989) Special report to 
Regional Municipality of Waterloo. Contamination of Elmira 
drinking water with N,N-dimethylnitrosamine. Rockwood, Ontario, 
ECO LOGIC, 14 December 1989. 

Krishna G, Kropko ML, Theiss JC (1990) Dimethylnitrosamine- 
induced micronucleus formation in mouse bone marrow and 
spleen. Mutation research, 242:345-351. 

Kunisaki N, Matsuura H, Hayashi M (1978) [Absorption and 
decomposition of W-nitrosodimethylamine in rats.] Shokuhin 
Eiseigaku Zasshi, 19(1^:62—87 (in Japanese). 

Laishes BA, Koropatnick DJ, Stich HF (1975) Organ-specific DNA 
damage induced in mice by the organotropic carcinogens 
4-nitroquinoline-l-oxide and dimethylnitrosamine. Proceedings 
of the Society for Experimental Biology and Medicine, 
149:978’-982. 

Lakritz L, Pensabene JW (1984) Survey of human milk for 
volatile /V-nitrosamines and the influence of diet on their 
formation. Food and chemical toxicology , 22:721-724. 

Lakritz L, Simenhaff ML, Dunn SR, FicJd/er W (1980) AANftroso- 
dimethylamine in human blood. Food and cosmetics toxicology, 
18:77-79. 

Lakritz L, Gates RA, Gugger AM, Wasserman AE (1982) 
Nitrosamine levels in human blood, urine and gastric aspirate 
following ingestion of foods containing potential nitrosamine 
precursors or preformed nitrosamines. Food and chemical 
toxicology, 20:455-459. 

La Vecchia C, D'Avan 20 B, Airoldi L, Braga C, Decarli A (1995) 
Nitrosamine intake and gastric cancer. European journal of 
cancer prevention, 4:469-474. 

Lee VM, Keefer LK, Archer MC (1996) An evaluation of the roles 
of metabolic denitrosation and ■ -hydroxylation In the 
hepatotoxicity of N-nitrosodimethylamine, Chemical research in 
toxicology, 9:1319-1324. 

Lijinsky W, Reuber MD (1984) Carcinogenesis in rats by nitroso- 
dimethylamlne and other nitrosomethyialkylamines at low doses. 
Cancer letters, 22:83—88. 


Lindamood C III, Bedell MA, Billings KC, Dyroff MC, Swenberg 
JA (1984) Dose response for DNA alkylation, [ 3 H]thymidine 
uptake into DNA, and O s -methy(guanine-DNA methyltransferase 
activity in hepatocytes of rats and mice continuously exposed to 
dimethylnitrosamine. Cancer research, 44:198-200. 

Loury DJ, Smith-Oliver T, Butterworth BE (1987) Assessment of 
unscheduled and replicative DNA synthesis in rat kidney cells 
exposed in vitro or In vivo to unleaded gasoline. Fundamental 
and applied toxicology, 87:127-140. 

Mackay D (1991) Multimedia environmental models: the fugacity 
approach. Chelsea, Ml, Lewis Publishers Inc. 

Mackay D, Paterson S (1991) Evaluating the multimedia fate of 
organic chemicals: a Level III fugacity model. Environmental 
science and technology, 25:427-436. 

Magee PN, Barnes JM (1962) Induction of kidney tumours in the 
rat with dimethyl-nitrosamine (/V-nitrosodimethylamine). Journal 
of pathology and bacteriology* 64 :i 9-31. 

Mahanama KRR, Daisey JM (1996) Volatile /V-nitrosamines in 
environmental tobacco smoke: Analysis, emission factors, and 
indoor air exposures. Environmental science and technology, 
30:1477-1484. 

Malllk M, Tesfai K (1981) Transformation of nitrosamines In soil 
and In vitro by soil microoganisms. Bulletin of environmental 
contamination and toxicology, 27:115-121. 

Martino PE, Diaz Gomez Ml, Tamayo D, Lopez AJ, Castro JA 
(1988) Studies on the mechanism of the acute and carcinogenic 
effects of N-nltrosodimethylamine on mink liver. Journai of 
toxicology and environmental health T 23:183-192. 

Massey R, Dennis MJ, Pointer M, Key PE (1990) An 
investigation of the levels of A/-nitrosodimethylamine, apparent 
total N-nitroso compounds and nitrate in beer. Food additives 
and contaminants, 7(5):6D5-615. 

McLean AEM, Magee PN (1970) Increased renal carcinogenesis 
by dimethyl nitrosamine in protein deficient rats, British journal 
of experimental pathology, 51 ;587-59G. 

Mehta R, Silinskas KC, Zucker PF, Ronen A, Heddle JA, Archer 
MC (1987) Micronucleus formation induced in rat liver and 
esophagus by nitrosamines. Cancer /offers, 35:313-320. 

Mirsalis JC, Butterworth BE (1980) Detection of unscheduled 
DNA synthesis In hepatocytes isolated from rats treated with 
genotoxic agents: an in vivo—in vitro assay for potential 
carcinogens and mutagens. Carcinogenesis, 1:621 -625. 

Mirsalis JC, Tyson CK, Steinrtietz KL, Loh EK, Hamilton CM, 
Bakke JP, Spalding JW (1989) Measurement of unscheduled 
DNA synthesis and S-phase synthesis in rodent hepatocytes 
following In vivo treatment: testing of 24 compounds. 
Environmental and molecular mutagenesis, 14:155-164. 

Mirsalis JC, Provost GS, Matthews CD, Hamner RT r Schindler 
JE, O'Loighlin KG, MacGregor JT, Short JM (1993) Induction of 
hepatic mutations in lad transgenic mice. Mutagenesis, 
8:265-271. 

Mizuishi K, Teacake M, Yamanobe H, Watanabe Y, Unuma Y, 
Yamanashi Y (1987) Trace analysis of volatile Af-nitrosamines in 
human milk. Kenkyu Nenpo Tokyo-toritsu Eisei Kenkyusho, 
38:150-154 {in Japanese) [cited in Uibu et al., 1996). 


31 


PM3001127505 

Source: https://www.industrydocuments.ucsf.edu/docs/smhk0001 



Concise International Chemical Assessment Document 38 


ir 


Moiseev GE r Benemanskii VV (1975) Concerning the 
carcinogenic activity of small concentrations of 
njtrosodimethylamine during Inhalation* Voprosy Onkofogil, 
21:107-109 [translated for US Environmental Protection Agency 
by Scientific Translation Service, Santa Barbara, CAJ. 

Morrison V, Ashby J (1994) Reconciliation of five negative and 
four positive reports of the activity of dimethylnitrosamine In the 
mouse bone marrow micronucleus assay. Mutagenesis, 
9:361-365. 

Mumma RO, Raupach DC, Waldman JP, Tong SSC, Jacobs ML, 
Bablsh JG, Hotchkiss JH, Wszolek PC, Gutenman WH, Bache CA, 
Lisk DJ (1984) National survey of elements and other 
constituents in municipal sewage sludges. Archives of 
environmental contamination and toxicology, 13:75-83. 

Nakatsuru Y, Matsukama S, Nemoto N, Sugano H, Sokiguchi M, 
Ishlkawa T (1993) O^Melhylguanine-DNA methyltransferase 
protects against nitrosamine-lnduced hepatocarcinogenesis. 
Proceedings of the National Academy of Sciences of the United 
States of America, 90:6468-6472. 

Napalkov NP, Alexandrov VA (1968) On the effects of blastomo¬ 
genic substances during embryogenesis, Zeitschrift fiirKrebsfor- 
schung, 71:32-50 [cited in ATSDR, 1989]. 

Neal SB, Probst GS (1983) Chemically-induced sister-chromatid 
exchange in vivo in bone marrow of Chinese hamsters. An 
evaluation of 24 compounds. Mutation research, 113:33-43. 

Neft RE, Conner MK (1989) Induction of sister chromatid 
exchange in multiple murine tissues in vivo by various 
methylating agents. Teratogenesis, carcinogenesis, 
mutagenesis, 9:219-237. 

Ng AC, Karellas NS (1994) Windsor Air Quality Study: TAGA 
6000 survey results. Windsor, Ontario, Ontario Ministry of the 
Environment, Environmental Monitoring and Reporting Branch, 
Windsor Air Quality Committee; Queen’s Printer for Ontario 
(Publication No. P1BS 3152E; ISBN 0-7778-2831-6). 

Nikaido MM, Dean-Raymond D, Francis AJ, Alexander M (1977) 
Recovery of nitrosamines from water. Water research, 11 ;1Q85- 
1087, 

NfOSH (1984) National Occupational Exposure Survey 
(1980-83). Cincinnati, OH, Department of Health and Human 
Services, National Institute for Occupational Safety and Health. 

Nishie K (1983) Comparison of the effects of W-nitrosodlmethyl- 
amine on pregnant and nonpregnant Holtzman rats. Food and 
chemical toxicology, 21:453-462. 

Odagiri Y, Adachl S, Katayama H, Takemoto K (1986) Detection 
of the cytogenetic effect of inhaled aerosols by the micronucleus 
test. Mutation research, 170:79-83. 

Oliver J (1979) Volatilization of some herbicide-related 
nitrosamines from soils. Journal of environmental quality, 

8(4) .596-601. 

OME (1991) N-Nitrosodimethylamfne. Toronto, Ontario, Ontario 
Ministry of the Environment, Hazardous Contaminants 
Coordination Branch, 64 pp. (Scientific Criteria Document for 
Multimedia Standard Development No. 01-90). 

OME (1994) Removal of Nmitrosodimethylamfne from the 
Ohsweken (Six Nations) water supply, Final report. Toronto, 
Ontario, Ontario Ministry of the Environment, November, ID pp. 
+ appendix (ISBN 0-7778-3439-1). 


OME (1998) Scientific criteria document for the development of 
an interim provincial water quality objective for W- 
nitrosodimethylamine (NDMA). Toronto, Ontario, Ontario Ministry 
of the Environment, Standards Development Branch, July, 28 
pp. 

Opsal RB, Reilly JP (1986) Selective analysis of nitro- and 
nitroso-containing compounds by laser ionization gas 
chromatography/mass spectrometry. Analytical chemistry, 
58:2919-2923. 

OSHA (1993) Occupational Safety and Health Standards: 
Standard 29 CFR, Standard Number 1910.1003. Washington, 

DC, US Department of Labor, Occupational Safety and Health 
Administration. 

Oury B, Limasset JC, Protois JC (1997) Assessment of exposure 
to carcinogenic W-nitrosamines in the rubber industry. 
International archives for occupational and environmental 
health, 70:261-271. 

Pancholy SK (1978) Formation of carcinogenic nitrosamines In 
soils. Soil biology and biochemistry, 10:27-32. 

Parses DM, Prescott SR (1981) Direct determination of W-nltros- 
amines in amines using a gas chromatograph-thermal energy 
analyzer. Journal of chromatography, 205:429-433. 

Parsa I, Friedman S, Cleary CM (1987) Visualization of O 8 - 
methylguanme in target celt nuclei of dimethylnitrosamine- 
treated human pancreas by a murine monoclonal antibody. 
Carcinogenesis, 8:839-846. 

Pedal I, Besserer K, Goerttler K, Heymer B, Mittmeyer HJ, 
Oehmichen M, Schmaht D (1982) Fatal nitrosamine poisoning. 
Archives of toxicology, 50:101-112 [cited in ATSDR, 1989]. 

Pegg AE, Perry W (1981) Alkylation of nucleic acids and 
metabolism of small doses of dimethylnitrosamine in the rat, 
Cancer research, 41:3128-3132. 

Peto R, Gray R, Brantom P, Grasso P (1991a) Effects on 4080 
rats of chronic ingestion of W-nitrosodiethylamine or w-nltroso- 
dimethylamine: a detailed dose-response study. Cancer 
research, 51:6415-6451. 

Peto R, Gray R, Brantom P, Grasso P (1991b) Dose and time 
relationships far tumor induction in the liver and esophagus of 
4080 inbred rats by chronic ingestion of N-nitrosodiethylamine or 
W-nitrosodimethylamine. Cancer research, 51:6452-6469. 

Petzold GL, Swenberg JA (1978) Detection of DNA damage 
induced in vivo following exposure of rats to carcinogens. 

Cancer research, 38:1589-1594. 

Phillips JC, Lake BG, Heading CE, Gangolli SD, Lloyd AG 
(1975) Studies on the metabolism of dimethylnitrosamine in the 
rat. I. Effects of dose, route of administration and sex. Food and 
cosmetics toxicology, 13:20 3-209. 

Plomley JB, KoesterQJ, March RE (1994) Determination of N- 
nitrosodimethylamine in complex environmental matrices by 
quadrupole ion storage tandem mass spectrometry enhanced by 
unidirectional ion ejection. Analytical chemistry, 66:4437-4443. 

Pobe! D, Riboli E, Cornde J, H6mon B, Guyader M (1995) 
Nitrosamine, nitrate and nitrite in relation to gastric cancer: A 
case-control study in Marseille, France. European journal of 
epidemiology, 11:67—73. 


32 


PM3001127506 

Source: https://www.industrydocuments.ucsf.edu/docs/smhk0001 





N-Nitrosodimethylamine 


Pool BL, Brendler SY, Lieglbel UM, Tompa A, Schmezer P 
{1990) Employment of adult mammalian primary cells in 
toxicology: in vivo and in vitro genotoxic effects of 
environmentally significant /V-nitrosodialkylamines in cells of the 
liver, lung, and kidney. Environmental and molecular 
mutagenesis, 15:24-35, 

Risch HA, Jain M, Choi NW, FadorJG, Pfeiffer CJ, Howe GR, 
Harrison LW, Craib KJP, Miller AB (1935) Dietary factors and the 
incidence of cancer of the stomach. American journal of epidemi¬ 
ology, 122:947-957. 

RobbJano L f Mereto E, Morando AM, Pastors F, Brambiila G 
(1997) An in vivo micronucleus assay for detecting the 
clastogenlc effect In rat kidney cells. Mutation research, 
390:51-57. 

Rogaczewska T, Wrdblewska-Jakubowska K (1996) [Occupational 
exposure to W-nitrosamine In the production of motor-car tires.] 
Medycyna Pracy , 47:569-575 (in Polish). 

Rogers MAM, Vaughan TL, Davis S, Thomas DB (1995) 
Consumption of nitrate, nitrite, and nitrosodimethylamlne and 
the risk of upper aerodigestjve tract cancer. Cancer 
epidemiology, biomarkers and prevention, 4:29-36. 

Sato S, Taketomi M, Morita T (1992) Simplified mouse 
peripheral reticulocyte micronucleus test with 
dimethyinitrosamine. Mutation research, 273:103-107. 

Sawada S t Yamanaka T, Yamatsu K, Fur/bata C, Matsushima T 
(1991) Chromosome aberrations, micronuclei and 
sister-chromatid exchanges (SCEs) in rat liver induced in vivo by 
hepatocarcinogers including heterocyclic amines. Mutation 
research, 251:59-69. 

Sax N f Lewis R Sr (1987) Hawley's condensed chemical 
dictionary, 11th ed. New York, NY, Van Nostrand Reinhold Co., 
p. 832. 

Scanlan RA, Barbour JF, Bodyfelt FW, Libbey LM (1994) N- 
NitrosocJimetbyfamlne in nonfat dry milk. In; Loeppky RN, 
Michejda CJ, eds. Proceedings of the 204th National Meeting of 
the American Chemical Society on Nitrosamines and Re/a fed W- 
Nitroso Compounds, 23-28 August 1992, Washington, DC. 
Washington, DC, American Chemical Society, pp. 34-41 (ACS 
Symposium Series 553). 

Schmidt JD, Murphy GP (1966) Urinary lactic dehydrogenase 
activity in rats with dimethylnitrosamine induced renal tumors. 
Investigative urology, 4: 57-63. 

Sen NP (1936) Formation and occurrence of nitrosamines in 
food. In: Cohen LA, Reddy BS, eds. Diet, nutrition and cancer A 
critical evaluation. Vol. it: Micro nutrients, non nutritive dietary 
factors, and cancer. Boca Raton, FL, CRC Press, pp. 135-160. 

Sen NP, Saddoo PA (1997) Trends in the levels of residual 
nitrite in Canadian cured meat products over the past 25 years. 
Journal of agricultural and food chemistry, 45:4714-4718. 

Sen NP r Seaman S (1981a) Gas-liquid 

chromatographic-thermal energy analyzer determination of W- 
nitrosodimethylamine in beer at low parts per billion level. 
Journal of the Association of Official Analytical Chemists, 
64:933-938. 

Sen NP, Seaman S (1981b) Volatile W-nitrosamlnes in dried 
foods. Journal of the Association of Official Analytical Chemists, 
64(5):1238-1242. 


Sen NP, Donaldson BA, Seaman S, [yengar JR, Miles WF (1978) 
Recent studies in Canada on the analysis and occurrence of 
volatile and non-volatile N-nitroso compounds In foods. IARC 
scientific p ubi/cations, 19:37 3-393. 

Sen NP, Seaman S, Miles WF (1979) Volatile nltrosamlnes in 
various cured meat products: Effect gf cooking and recent trends. 
Journal of agricultural and food chemistry, 27(6) :1354-1357. 

Sen NP, Seaman S, McPherson M (1930a) Nitrosamines in alco¬ 
holic beverages. Journal of food safety, 2:13-18. 

Sen NP, Seaman S, McPherson M (1980b) Further studies on 
the occurrence of volatile and non-volatile nitrosamines in 
foods. iARC scientific publications, 31:457-465. 

Sen NP, Seaman S, Clarkson S, Garrod F, Lalonde P (1984) 
Volatile ALnitrosamines in baby bottle rubber nipples and 
pacifiers. Analysis, occurrence and migration. IARC scientific 
publications, 57:51-57. 

Sen NP, Tessier L, Seaman SW, Baddoo PA (1985) Volatile and 
nonvolatile nitrosamines in fish and the effect of deliberate 
nitrosation under simulated gastric conditions. Journal of 
agricultural and food chemistry, 33:264-268. 

Sen NP, Baddoo PA, Weber D, Boyle M (1994) A sensitive and 
specific method for the determination of W-nitrosodimelbylamine 
in drinking water and fruit drinks, international journal of 
environmental analytical chemistry, 56:149-163. 

Sen NP, Seaman SW, Bergeron C, Brousseau R (1996) Trends 
in the levels of N-nrtrosodimethylamine in Canadian and 
Imported beers. Journal of agricultural and food chemistry, 
44(6):1498-1501. 

Solionova LG, Smulevlch V, Turbin EV, Krivosheyeva LV, 
Plotnikov JV (1992) Carcinogens in rubber production in the 
Soviet Union. Scandinavian journal of work, environment and 
health, 16:120-123. 

SoulJotis VL f Chhabrs S, Anderson LM, Kyrtopoulos SA ( 1995 ) 
Dosimetry of OVnethylguanine in rat DNA after low-dose, 
chronic exposure to /V-nitrosodimethylamine (NDMA). 

Implications for the mechanism of NDMA hepatocarcinogenesis. 
Carc/no genesis, 16:2381-2387. 

Spiegelhalder B, Preussmann R (1984) Contamination of 
toiletries and cosmetic products with volatile and nonvolatile N- 
nitroso carcinogens. Journal of canGer research and clinical 
oncology, 108:160-163. 

Spiegelhalder B r Etsenbrand G, Preussmann R (1980) 
Occurrence of volatile nitrosamines in food: A survey of the West 
German market. IARC scientific publications, 31:467-479. 

Spiegelhalder B, Eisenbrand G, Preussman R (1982) Urinary 
excretion of Af-nitrosamines in rats and humans, iARC scientific 
publications, 41:443-449. 

Stehlik G, Richter O, Altmann H (1982) Concentration of 
dimethylnitrosamine in the air of smoke-filled rooms. 
Ecotoxicology and environmental safety, 6:495—500. 

Straif K, Welland SK, Bungers M, Holthenrtch D, Taeger D, Yi S, 
Keil U (2000) Exposure to high concentrations of nitrosamines 
and cancer mortality among a cohort of rubber workers. 
Occupational and environmental medicine, 57:180-187. 


33 


PM3001127507 

Source: https://www.industrydocuments.ucsf.edu/docs/smhk0001 



Concise Internationa/ Chemical Assessment Document 38 


Swenberg JA, Hoel DG, Magfee PN (1991) Mechanistic and 
statistical insight into the large carcinogenesis bioassays on N- 
nitrosodiethylamlne and N-nltrosodimethylamine. Cancer 
research, 51:6409-6414. 

Taguchi VY, Jenkins SWD, Wang DT, Paimentler J-PFP, Reiner 
EJ (1994) Determination of W-nitrasodimethylamine by isotope 
dilution, high-resolution mass spectrometry. Canadian journal of 
applied spectroscopy, 39:67-93. 

Tanaka A, Hisanaga A, inamasu T, Htrata M, Ishinishi N (1983) 
A comparison of the carcinogenicity of W-nitrosodiethylamine 
and W-nitrosodimethylamlne after intratracheal instillation into 
Syrian golden hamsters. Food and chemical toxicology, 
26:847—850. 

Tate RL 111, Alexander M (1975) Stability of nltrosamlnes in 
samples of lake water, soil, and sewage. Journal of the National 
Cancer Institute, 54:327—330. 

Tates AD, Neuteboom I, Hofker M, den Engelse L (1980) A 
micronucleus technique for detecting clastogenic effects of 
mutagens/carcinogens (DEN, DMN) in hepatocytes of rat liver in 
vivo. Mutation research, 74:11-20. 

Tates AD, Neuteboom I, de Vogel N, den Engelse L (19B3) The 
induction of chromosomal damage in rat hepatocytes and 
lymphocytes. I. Time-dependent changes of the clastogenic 
effects of diethylnitrosamine, dim ethyl nitrosa mine and ethyl 
methanesulfonate. Mutation research, 107:131-151. 

Tates AD, Neuteboom /, Rotteveei AHM, de Vogel N, Menkveld 
GJ, den Engelse L (1986) Persistence of prectastogenic damage 
in hepatocytes of rats exposed to ethylnitrosourea, 
diethylnitrosamine, dimethylnitrosamine and methyl 
methanesulfonate. Correlation with DMA O-alkylation. 
Carcinogenesis, 7: 1053-1058. 

Terao K, Alkawa T, Kera K (1978) A synergistic effect of nltroso- 
dimsthyiamine on sterigmatocystin carcinogenesis in rats. Food 
and cosmetics toxicology, 16:591-596. 

Terracini B, Palestra G, Gigliardi MR, Montesano R (1966) 
Carcinogenicity of dimethylnitrosamine in Swiss mice. British 
journal of cancer, 20:871-876, 

Thomas RG (1982) Volatilization from water. In: Lyman WJ, 
Reehl WF, Rosenblatt DH, eds. Handbook of chemical property 
estimation methods. New York, NY, McGraw-Hill, pp. 15-27. 

Tin well H, Lefevre PA, Ashby J (1994) Mutation studies with 
dimethyl nitrosoamine in young and old lac / transgenic mice. 
Mutation research, 307:501-508. 

Tomkins BA, Griest WH (1996) Determinations of W-nitroso- 
dimethylamine at part-per-trillion concentrations in 
contaminated groundwaters and drinking waters featuring 
carbon-based membrane extraction disks. Analytical chemisiry, 
68:2533-2540. 

Tomkins BA, Griest Wh, Higgins CE (1995) Determination of N- 
nitrosodimethylamine at part-per-trillion levels in drinking waters 
and contaminated groundwaters. Analytical chemistry, 
67:4387-4395, 

Tricker AR, Preussmann R (1992) Volatile W-nitrosamines in 
mainstream cigarette smoke: occurrence and formation. Clinical 
investigations, 70:283-289. 

Tricker AR, Pfundstein B, Theobald E, Preussmann R, Spiegel- 
halder B (1991a) Mean daily intake of volatile /V-nitrosamines 


from foods and beverages in West Germany In 1989-1990. Food 
and chemical toxicology, 29(11):729-732. 

Tricker AR, Ditrich C, Preussmann R (1991b) N -Nitroso 
compounds in cigarette tobacco and their occurrence in the 
mainstream tobacco smoke. Carcinogenesis, 12(2):257-261. 

Trzos RJ t Petzold GL, Bnjnden MN, Swenberg JA (1978) The 
evaluation of sixteen carcinogens in the rat using the 
micronucleus test. Mutation research, 58:79-86. 

Uibu J, Tauts O, Levin A, Shimanovskaya N, Matto R (1996) N- 
Nitrosodlmethylamine, nitrate and nitrate-reducing 
microorganisms in human milk. Acta Paediatrics, 

85:1140-1142. 

UK MAFF (1992) Nitrate, nitrite and N-nitroso compounds in 
foods — Second report. The 32nd Report of the Steering Group 
on Chemical Aspects of Food Surveillance. London, HMSO, 77 
pp. (United Kingdom Ministry of Agriculture, Fisheries and Food, 
Food Surveillance Paper No. 321; ISSN 0141-8521). 

US EPA (1984) EPA Method Study 17, Method 607 
(Nitrosamines). Cincinnati, OH, US Environmental Protection 
Agency, Quality Assurance Branch, Environmental Monitoring 
and Support Laboratory (EPA-600/4-84-051; PB84207646). 

Vermeer ITM, Pachen DMFA, Dallinga JW, Klelnjans JCS, van 
Maanen JMS (1998) Volatile /V-nitrosamine formation after 
intake of nitrate at the ADI level in combination with an amine- 
rich diet. Environmental health perspectives, 106(8):459-463. 

Volmer DA, Lay JO Jr, Billedeau SM, Vollmer DL (1996) 
Detection and confirmation of A/-nitrosodialkylamlnes using 
liquid chromatography-electrospray ionization coupled on-line 
with a photolysis reactor. Analytical chemistry, 68:546-552. 

von Rappard E, Eisenbrand G, Preussmann R (1976) Selective 
detection of /V-nitrosamines by gas chromatography using a 
modified microelectrolytic conductivity detector in the pyrolytic 
mode. Journal of chromatography, 124:247-255. 

Wang X, Suzuki T, itoh T, Honma M r Nishikawa A, Furukawa F, 
Takahashi M, Hayashi M, Kato T, Sofuni T (1998) Specific 
mutational spectrum of dimethylnitrosamine in the iacl 
transgene of Big Blue® C57BL/6 mice. Mutagenesis, 

13:625-630. 

Webb KS, Gough TA, Carrick A, Hazelby D (1979) Mass spectro- 
metric and chemiluminescent detection of picogram amounts of 
N-nitrosodimethyl amine. Analytical chemistry, 51:989-992. 

Webb KS, Wood BJ, Gough TA (1983) The effect of the intake 
of a nltrosatabie drug on the nitrosamine levels in human urine. 
Journal of analytical toxicology, 7:181-184. 

Webster RP, Gawde MD, Bhattacharya RK (1996) Protective 
effect of rutin, a flavonol glycoside, on the carcinogen-induced 
DNA damage and repair enzymes in rats. Cancer letters, 
109:185-191, 

Wild D (1978) Cytogenetic effects in the mouse of 17 chemical 
mutagens and carcinogens evaluated by the micronucJeus test. 
Mutation research, 56:319-327. 

Yamamoto M, Yamada T, Tanlmura A (1980) Volatile 
nitrosamines in human blood before and after ingestion of a 
meal containing high concentrations of nitrate and secondary 
amines. Food and cosmetics toxicology, 18:297—299. 


34 


PM3001127508 

Source: https://www.industrydocuments.ucsf.edu/docs/smhk0001 


N^Nitrosodimeth^lamin^ 


APPENDIX 1 — SOURCE DOCUMENT APPENDIX 2 — CICAD PEER REVIEW 


Environment Canada & Health Canada (2001) 

Copies of the Canadian Environmental Protection Act 
Priority Substances List assessment report (Environment Canada 
& Health Canada, 2001) and unpublished supporting 
documentation for NDMA may be obtained from: 

Commercial Chemicals Evaluation Branch 
Environment Canada 
14th floor, Place Vincent Massey 
351 St. Joseph Blvd. 

Hull, Quebec 

Canada K1A0H3 

or 

Environmental Health Centre 
Health Canada 
Address Locator: 0801A 
Turney’s Pasture 
Ottawa, Ontario 
Canada K1A0L2 

Initial drafts of the supporting documentation and assess¬ 
ment report for NDMA were prepared by staff of Health Canada 
and Environment Canada. H. Hirtle contributed additional 
information in the preparation of the draft CICAD. 

Environmental sections of the assessment report were 
reviewed externally by J. Ballantlne (Health Canada), A. 

McLarty (Ontario Ministry of the Environment), E. McBean and J. 
Kocharty (Conestoga-Rovers & Associates), and D. Carlisle (Brez- 
Carlisle Inc.). 

In order to address primarily adequacy of coverage, 
sections of the supporting documentation pertaining to human 
health were reviewed externally by B. Birmingham (Ontario 
Ministry of the Environment) and R. Brecher (Globaltox 
International Consultants, Inc.). 

Accuracy of reporting, adequacy of coverage, and defens- 
ibility of conclusions with respect to hazard characterization and 
dose-response analysis were considered at a panel meeting of 
the following members, convened by Toxicology Excellence for 
Risk Assessment (TERA) on 12 August 1999 in Ottawa, Ontario: 

M. Bogdanffy, DuPont Haskel Laboratory 
J. Christopher, California Environmental Protection 
Agency 

M. Dourson, TERA 

S. Falter* Procter & Gamble 

J. Mandel, Exponent 

R. Rudel, Silent Spring Institute 

V. Walker, New York State Department of Health 


The draft CICAD on NDMA was sent for review to 
institutions and organizations identified by lPCS after contact 
with 1PCS national contact points and Participating Institutions, 
as well as to identified experts. Comments were received from: 

A. Aitio, International Programme on Chemical Safety, 
World Health Organization, Geneva, Switzerland 

M. Bartl, international Programme on Chemical Safety/ 
Institut de Recherche en Sant§ et en SScuritG du Travail 
du Quebec, Montreal, Quebec, Canada 

R. Benson, Drinking Water Program, US Environmental 
Protection Agency, Denver, CO, USA 

R. Cary, Health and Safety Executive, Bootle, Merseyside, 
United Kingdom 

R. Chhabra, National Institute of Environmental Health 
Sciences, National institutes of Health, Research Triangle 
Park, NC. USA 

C. Elliott-Minty, Health and Safety Executive, Bootle, 
Merseyside, United Kingdom 

E. Frantik, National Institute of Public Health, Center of 
Industrial Hygiene and Occupational Diseases, Praha, 
Czech Republic 

R. Hertel, Federal Institute for Health Protection of 
Consumers and Veterinary Medicine, Berlin, Germany 

T. G. Hrnsi, National Institute of Public Health, Oslo, 
Norway 

A.P. Hugenholtz, Bureau of Chemical Safety, Health 
Canada, Ottawa, Ontario, Canada 

E. Srderlund, National Institute of Public Health, Oslo, 
Norway 

U. Steinus, Karo/inska Institute, Stockholm, Sweden 

Y.-W. Stevens, Agency for Toxic Substances and Disease 
Registry, Atlanta, GA, USA 

K. Ziegler-Skylakakis, Commission of the European 
Communities/European Union, Luxembourg 
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APPENDIX 3 — CICAD FINAL REVIEW Utrecht, Utrecht, The Netherlands 

BOARD 

Geneva, Switzerland, 8-12 January 2001 Observers 


Members 

Dr A.E. Ahmed, Molecular Toxicology Laboratory, Department 
of Pathology, University of Texas Medical Branch, Galveston, 
TX, USA 

Mr R. Cary, Health and Safety Executive, Merseyside, United 
Kingdom ( Chairperson ) 

Dr R.S. Chhabra, General Toxicology Group, National Institute 
of Environmental Health Sciences, National Institutes of Health, 
Research Triangle Park, NC, USA 

Dr s, Czerczak, Department of Scientific Information, Nofer 
Institute of Occupational Medicine, Lodz, Poland 

Dr s. Dobson, Centre for Ecology and Hydrology, 
Cambridgeshire, United Kingdom 

Dr O.M. Faroon, Division of Toxicology, Agency for Toxic 
Substances and Disease Registry, Atlanta, GA, USA 

Dr H. Gibb, National Center for Environmental Assessment, US 
Environmental Protection Agency, Washington, DC, USA 

Dr R.F. Hertel, Federal Institute for Health Protection of 
Consumers and Veterinary Medicine, Berlin, Germany 

Dr A. Hirose, Division of Risk Assessment, National Institute of 
Health Sciences, Tokyo, Japan 

Dr F.D. Howe, Centre for Ecology and Hydrology, 
Cambridgeshire, United Kingdom (Rapporteur 

Dr D. Lison, Industrial Toxicology and Occupational Medicine 
Unit, University Catholique de Louvain, Brussels, Belgium 

DrR. Liteplo, Existing Substances Division, Bureau of Chemical 
Hazards, Health Canada, Ottawa, Ontario, Canada 

Dri. Mangelsdorf, Chemical Risk Assessment, Fraunhofer 
Institute for Toxicology and Aerosol Research, Hanover, 
Germany 

Ms M.E. Meek, Existing Substances Division, Safe Environments 
Program, Health Canada, Ottawa, Ontario, Canada (Wce- 
Chairperson) 

Dr S. Osterman-Golkar, Department of Molecular Genome 
Research, Stockholm University, Stockholm, Sweden 

Dr J. Sekizawa, Division of Chem-Bio Informatics, National 
institute of Health Sciences, Tokyo, Japan 

Dr S. Soliman, Department of Pesticide Chemistry, Faculty of 
Agriculture, Alexandria University, El-Shatby, Alexandria, Egypt 

Dr M. Sweeney, Education and Information Division, National 
Institute for Occupational Safety and Health, Cincinnati, OH, 
USA 

Professor M. van den Berg, Environmental Sciences and 
Toxicology, Institute for Risk Assessment Sciences, University Of 


Dr W.F. ten Berge, DSM Corporate Safety and Environment, 
Heerlen, The Netherlands 

Dr K. Ziegter-Skylakakis, Commission of the European 
Communities, Luxembourg 


Secretariat 

Dr A. Aitio, International Programme on Chemical Safety, World 
Health Organization, Geneva, Switzerland 

Dr Y. Hayashi, International Programme on Chemical Safety, 
World Health Organization, Geneva, Switzerland 

Dr P.G. Jenkins, International Programme on Chemical Safety, 
World Health Organization, Geneva, Switzerland 

Dr M. Younes, International Programme on Chemical Safety, 
World Health Organization, Geneva, Switzerland 
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APPENDIX 4 — CALCULATION OF 
TUMORIGENIC DOSE os 


The tumorigenic dose« (TDog l.e., the dose level that 
causes a 5% increase in tumour incidence over background) was 
calculated by first fitting the multistage model to the 
dose—response data. The multistage model is given by 

P(d) = 1 a 1* did ... <M#* 

where d Is dose, It is the number of dose groups in the study 
minus one, P(d ) is the probability of the animal developing a 

tumour at dose d, and q, > 0, i = 1.ft are parameters to be 

estimated. TDosS were then calculated as the dose D that satisfies 

-H0}=0.05 

1 P< 0) 

A chi-square lack of fit test was performed for each of the 
three tumour types. The degrees of freedom for this test are 
equal to fc minus the number of qr/s for which estimates are non¬ 
zero. A P-value less than 0.05 indicates a significant lack of fit. 

The study reported by Brantom {1983) and Peto et al. 
(1991a,b) contained 15 dose groups and controls, which is 
unusually large. Upper dose groups for which there was downturn 
in the dose-response curve were first eliminated from 
calculations of the TD05. These dose groups add no information 
to the shape of the dose-response curve In the range of the TDcs 
and contribute to lack of fit of the model. In addition, extreme 
downturn is likely a sign that animals are dying of some other 
cause before having a chance to develop the tumour of Interest. 

Two methods were used to fit models to the large number 


of dose groups. In the first method, quadratic models (i.e., 
models with k - 2) were fit to the full set of data, less any dose 
groups contributing to downturn at the upper end of the 
dose-response curve. Any model with k larger than 2 did not 
converge when fitting models to the full data set. The second 
method involved reducing the number of dose groups to 10 (or 
less) by first eliminating upper dose groups with downturn and 
then collapsing adjacent similar dose groups together. 

Collapsing was accomplished by averaging the dose level and 
totalling the number of tumours for the two groups. Global82 
(Howe & Crump, 1982) was then used to fit full multistage 
models to the reduced data. With the exception of biliary 
cystadenomas in females, these models did not show significant 
lack of fit. However, they generally appeared to overestimate the 
risk in the range of the TD05, resulting in TD» values that might 
be overly conservative. There was no evidence of a 
dose-response relationship for haemangiosarcomas in females; 
these data were not modelled, therefore, for the purpose of 
calculating a TDc*. 

After reducing the data to 10 dose groups, the multistage 
mode) stJJI occasionally exhibited lack of fit, due In large part to 
a levelling off of the dose-response relationship at higher doses. 
Since a good fit in the range of the TCfcs is required, upper dose 
groups were systematically eliminated until a reasonable fit was 
achieved. The data finally used tg compute TDc^s for hepatic 
tumours in the male and female rats from the Brantom (1983) 
and Peto et al. (1991a,b) study are presented in Tables A-1 and 
A-2. 

After comparing the two methods of model fitting, the 
second was judged to provide a better description of the 
doss-response relationship In the range of the TDa. These fits 
were used to generate the final TH^kS. The TDosS and model¬ 
fitting Information are presented In Table A*3 and Figure A-1. 


Table A-1: Data on hepatic carcinogenicity in male rats used for modelling. 


Carcinoma 


H aemangiosarcoma 

Biliary cystadenoma 

Intake (mg/kg body 
weight per day) 

Incidence 

Intake (mg/kg body 
weight per day) 

Incidence 

Intake (mg/kg body 
weight per day) 

Incidence 

0 

2/192 

0 

2/192 

0 

2/192 

0.0020 

2/96 

0.002 

0/96 

0.0020 

4/96 

0.0080 

3/96 

0.005 

1/48 

0.0060 

4/96 

0.0330 

4/96 

0.011 

2/48 

0.0330 

2/36 

0.0760 

11/96 

0.022 

0/48 

0,0760 

ID/96 

0.1200 

26/96 

0.044 

1/4S 

0.1200 

24/96 

0.1960 

44/96 

0.065 

1/48 

0.1960 

26/96 

0.3045 

66/96 

0.087 

6/48 

0.3045 

33/96 



0.109 

6/48 





0.131 

14/48 
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Table A-2: Data on hepatic carcinogenicity in female rats used for modelling. 



Carcinoma 


Biliary cystadenoma 


Intake 

(mg/kg body weight per day) 

Incidence 

Intake 

(mg/kg body weight per day) 

Incidence 

0 


2/192 

0 

4/192 

0.0D35 


0/96 

0.002 

1/43 

0.0-145 


4/96 

0.005 

4/48 

0.057 


8/96 

0,010 

0/48 

0.134 


10/96 

0.019 

3/48 

0.210 


10/96 

0.038 

5/48 

0.344 


19/96 

0.076 

7/48 

0.459 


18/48 

0.115 

34/48 

0.612 


33/48 




Table A-3: TD M s for NDMA. 



ID 05 

(pg/kg body 
weight per day) 

95% lower 
confidence limit on 

td k 

Chi-square 

df 

P-value 

Male rats 






Hepatic carcinoma 

38 

24 

2.17 

5 

0.82 

Hepatic haem angiosarcoma 

78 

48 

7.67 

6 

0.26 

Hepatic biliary cystadenoma 

36 

29 

10.25 

6 

0.11 

Female rats 






Hepatic carcinoma 

82 

61 

7.36 

5 

0.19 

Hepatic biliary cystadenoma 

34 

18 

7-036 

5 

0.22 
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Figure A«1: TD C sS for NDMA. 
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Biliary cystadenoma in female rats 



Dose (mg/kg body weight per day) 

Biliary cystadenoma in male rats 



Dose (mg/kg body weight per day) 

Figure A-1: TD«s tor NOMA. 
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N-NITROSODIMETHYLAMINE 


0525 

March 2001 


CAS No: 62-75-9 
RTECS No: IQQ525000 
UN No: 2810 
EC No: 612-077-00-3 



Dimethylnitrosamine 

N-Methyl-N-nitrosomethylamine 

DMN 

C 2 H 6 N 2 0 / (CH 3 ) 2 NN=0 
Molecular mass: 74.1 


TYPES OF 
HAZARD/ 
EXPOSURE 


EXPLOSION 


ACUTE HAZARDS/SYMPTOMS 


Combustible. 


PREVENTION 


NO open flames. 


FIRST AID/FIRE FIGHTING 


Powder, carbon dioxide. 


EXPOSURE 



Sore throat. Cough. Nausea. 
Diarrhoea. Vomiting. Headache. 
Weakness. 


Redness. Pain. 


Pain. Redness. 


Ingestion Abdominal cramps. (Further see 
Inhalation}. 


AVOID ALL CONTACT! 


Ventilation, local exhaust, or 
breathing protection. 


Protective gloves. 


Face shield, or eye protection in 
combination with breathing 
protection. 


Do not eat, drink, or smoke during 
work. Wash hands before eating. 


IN ALL CASES CONSULT A 
DOCTOR! 


Fresh air, rest. Refer for medical 
attention. 


j Remove contaminated clothes. 

| Rinse skin with plenty of water or 
1 shower. 

I First rinse with plenty of water for 
several minutes (remove contact 
lenses if easily possible), then take 
to a doctor. 


Give a slurry of activated charcoal 
in water to drink. Induce vomiting 
(ONLY IN CONSCIOUS 
PERSONS!). Refer for medical 
attention. 


SPILLAGE DISPOSAL 


Evacuate danger area! Collect leaking and spilled 
liquid in sealable containers as far as possible. 
Absorb remaining liquid in sand or inert absorbent 
and remove to safe place. Chemical protection suit 
including self-contained breathing apparatus. 


PACKAGING 8. LABELLING 


T+ Symbol 
N Symbol 

R: 45-25-26-48/25-51/53 
S: 53-45-61 
Note: E 

UN Hazard Class: 6.1 
UN Pack Group: I 


Do not transport with food and 
feedstuffs. Unbreakable packaging; 
put breakable packaging into closed 
unbreakable container. 


EMERGENCY RESPONSE 


Transport Emergency Card: TEC (R)-61G61b 


STORAGE 


Separated from strong oxidants, food and feedstuffs. Cool. Keep in the 
dark. Well closed. 




Prepared in the context of cooperation between the International 
Programme on Chemical Safety and the European Commission 
© IPCS 2000 

see important information on the back. 
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N-NITROSODIMETHYLAMINE 

IMPORTANT DATA 

Physical State; Appearance 

Routes of exposure 

YELLOW OILY LIQUID 

The substance can be absorbed into the body by inhalation and 
by ingestion. 

Chemical dangers 


The substance decomposes on heating producing nitrogen 

Inhalation risk 

oxides. Reacts with strong oxidants and strong bases. 

No indication can be given about the rate in which a harmful 
concentration in the air is reached on evaporation of this 

Occupational exposure limits 

substance at 20°C. 

TLV: A3, skin (ACGIH 2000), 


MAK: Class 2 (2000) 

Effects of short-term exposure 

The substance is irritating to the eyes, the skin and the 
respiratory tract. The substance may cause effects on the liver, 
resulting in jaundice. The effects may be delayed. See Notes. 
Medical observation is indicated. 

Effects of long-term or repeated exposure 

The substance may have effects on the liver, resulting in liver 
function impairment and cirrhosis. This substance is probably 
carcinogenic to humans. 

PHYSICAL PROPERTIES 

Boiling point: 151 °C 

Relative vapour density (air = 1): 2.56 

Relative density (water = 1): 1.0 

Flash point: 61°C 

Solubility in water: very good 

Octanol/water partition coefficient as log Pow: -0.57 

Vapour pressure, Pa at 20“C: 360 

ENVIRONMENTAL DATA 



The symptoms of jaundice do not become manifest until some hours have passed, Environmental effects from the substance have 
not been investigated adequately. 


ADDITIONAL INFORMATION 



LEGAL NOTICE 


Neither the EC nor the IPCS nor any person acting on behalf of the EC or the IPCS is responsible 
for the use which might be made of this information 


©IPCS 2000 
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RESUME D’ORIENTATION 


Ce CICAD relatif a la M-nitrosodimethylamine 
(NDMA) a etc prepare conjointement par la Direction de 
(’Hygiene du Milieu de Sante Canada et la Direction de 
l’Evaluation des produits chimiques commerciaux 
d’Environnement Canada a partir d’une documentation 
redigee simultanement dans le cadre du programme sur 
les substances priorilaires prevu par la Loi canadienne 
sur la protection de I'anvironnement (LCPE). Les etudes 
sur les substances prioritaires preserves par la LCPE ont 
pour objectif d’evaluer les effets potentiels sur la sante 
humaine d’une exposition indirecte a celles de ces 
substances qui sent presentes dans Penvironnement 
ainsi que leurs effets sur 1’environnement lui-mSme. Bien 
que I 'exposition professionnelle n’ait pas ete le sujet du 
document initial (£nvironnement Canada &. Sante 
Canada, 2001), des donnees sur la question ete incluses 
dans le present CICAD, La presente mise au point prend 
en compte les donnies publiecs jusqu’en aofrt 1999 en 
ce qui conceme les effets sanilaires et jusqu’afin fin 
aout 1998 en ce qui conceme les effets sur 
Pertvironnenient. 1 D’autres mises au point ont e(<t 
egalement consultecs, a savoir celles du CIRC (1978), de 
LOME (1991, 1998) et de BIBRA Toxicology International 
(1997,1998). Des renseignements sur la nature de 
l’examen par des pairs et la disponibilite du document de 
base sent donnes a 1’appendice 1. Les informations 
concemant l'examen par des pairs du present dCAD 
figurent a Pappendice 2, Ce CICAD a did approuvd en 
tarn qu’evaluation i ntemationale I ors d’ une reunion du 
Comitd d 'evaluation finale qui s’est tenue a Geneve 
(Suisse), du 8 au 12 janvier 2001. La liste des participants 
a cette reunion se trouve a Pappendice 3. La fiche 
Internationale sur la securite cbimique de la NDMA 
(ICSC 0525), preparee par le Programme international sur 
la securite chimique (IPCS, 1993), est egalement 
reproduce dans ie present document. 

La A-nitrosodimethylamine (NDMA) est la plus 
simple des dialkylniirosamines. Bien que n’etant plus 
utilisde dans Pindustrie oa le commerce ni au Canada, ni 


' Les nouveiles donnees notees par les auteurs et 
obtenues par tin ddpouillcment de la litterature effectue 
avant la reunion du Comite devaluation finale ont ete 
examinees compte tenu de leur influence probable sur les 
conclusions essentielles de la presente evaluation, le but 
etant avant tout d’etablir si leur prise en compte serait 
prioritaire lors d’une prochaine mise a jour. Les auteurs 
ayant estime qu’elles apportaient des elements 
d’information supplementaires, on a ajoute des donnees 
plus recentes encore que non essentielles pour la 
caracterisation des dangers ou l’analyse des relations 
dose-reponsc, 


aux Etats-Unis, elle continue neanmoins d’etre liberee 
dans l’envirormement comme sous-produit ou contami¬ 
nant par diverses installations industrielles et par les 
stations municipales de traitement des eaux usees. Ce 
sont les usings de pesticides, de pneumatiques, de 
colorants et les unites de production d’alkylamines qui 
en rejettent le plus. De la NDMA peut egalement se 
former dans les conditions naturelles dans Pair, Peau et 
le sol par suite de certains processus chimiques, photo- 
chimiques oubiologiques et on en a mis en evidence 
dans Peau de boisson et dans les gaz d’bchappement 
des automobiles. 

C’est principalement par photolyse que la NDMA 
s’elimine des eaux de surface, de Patmosphere er du sol. 
Toutefois, dans les eaux supcrficielles riches en sub¬ 
stances organiques et matieres ett suspension, la photo¬ 
decomposition est tres ralentie. Dans les eaux des 
nappes phreatiques et dans le sol, c’est la 
biodegradation qui constitue la voie d’elimination 
predominanie. La NDMA a vraisemblablement peu de 
chances d'etre transports sur de longues distances ou 
de se repartir dans le sol et les sediments. En raison de 
sa solubilite et de la faible valeur de son coefficient de 
partage, la NDMA a la possibility de passer par 
lessivage dans les eaux souteriaines et de s’y maintenir. 
Elle subit une metabolisation et ne s’accumule pas. Elle 
n’est pas pn&ente en quantites decelables dans les eaux 
de surface, sauf en cas de contamination localisde aux 
alentours de sites industries, oil Ton a pu mesurer des 
concentrations allant jusqu’a 0,266 |tg par litre au 
de bone lie de certains emissaires. 

Selon des enquetes limitees effectuecs dans le 
pays sur lequel on s’est base pour caracteriser le risque 
type (le Canada), la NDMA n’est pas d£celable dans Pair 
ambiant, sauf a proximite de sites industriels. En 
revanche, de faibles concentrations de NDMA - prove- 
nant de stations de traitement ou d’eaux souterraines 
contaminees par des effluents industriels - ont ete mesu- 
rees dans de Peau de consommation. On a egalement mis 
en evidence la presence de NDMA dans diverges 
denrees alimentaires, le plus souvent dans de la biere, 
des salaisons ou des fumaisons, des produits pisciaires 
et dans certains fromages avec, il est vrai, une 
diminution de la concentration ces demieres annees en 
raison d’un changement dans le mode de traitement de 
ces produits. Le consommateui peut egalement etre 
expose a la NDMA contenue dans d’autres produits teU 
que les cosmetiques et les produits de soins, les ohjets 
en caoutchouc et le tabac. 

La NDMA est indubitablement cancerogene, 
comme le montrent les recherches en laboratoire selon 
lesquelles ce compose provoque Papparition de tumeurs 
a dose relativemenf faible chez toutes les esp^ces 
dtudiees. On a en outre la preuve indiscutabie du 
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pouvoir mutagene et clastogene de la NDMA, Le 
ntdcanisme de la cancerisation induite par ce compose 
n’est pas encore tolalement elucide, mais on sait qu'au 
cours de sa metabolisation, il donne naissance a un ion 
methyldiazonium dont les adduils avec l’ADN (notam- 
ment l’0 6 -i»6thylguanine) jouent sans doute un role 
determinant. Qualitativement, le metabolisme de la 
NDMA est analogue chez 1’Homme et l’animal; on estime 
par consequent que ce composd est trds probablement 
egalement cancerogene pour l’Homme, sans doute a 
concentration rektivement faible, 

Com me on s’est surtout intdresse au pouvoir 
cancerogene de la NDMA. on ne dispose que de 
rdsultats de laboratoire limites concernant ses effets non 
neoplasiques. L’administralion de doses rdpetees 
provoque des effets sur le foie et le rein et des etudes 
sur le developpement consistant a administrer une dose 
unique ont mis en Evidence une toxicite pour l'embryon 
pouvant allerjusqu’a la morf. Par ailieurs, on a fait etat 
de divers effets immuttoiogiques (depression de 
i’immunite bumorale et de i’immunite a mediation 
cellulaire) qui sont reversibles a faible concentration. 

II est clair que, s’agissant de la quantification de la 
relation dose-rdponse en vue de la caracterisation du 
risque, e’est le cancer qui constitue le point d’aboutisse- 
menf essentiei de (’action toxique de la NDMA. Outre 
que ce sont les effets les mieux caracterises, en regie 
gendrale, ces tumeurs apparaissent a des concentrations 
beaucoup plus faibles que celles auxquelles des effets 
non neoplasiques sont habituellement observes. La dose 
tumorigdne la plus faible (CT^) pour I’apparition de 
tumeurs hepatiques (cystaddnomes biliaires chez des 
rats fcmelles apres exposition d’animaux des deux sexes) 
determines lors de l’dtudequi a foumi les donnees 
essentielles sur ce point, a £te de 34 pg/kg de poids 
corporel par jour. Cette valeur correspond a un risque 
unitaire de 1,5 x 10* J par p.g de substance et par kg de 
poids corporel. En se basaot sur I’estimation de la dose 
de NDMA absorbee avec fair ambiant et unc eau de 
boisson contaminde (eau souteiraine) lors de la carac¬ 
terisation du risque type, ie risque au voisittage de 
sources induslrielies ponctuelles de NDMA est evalue a 
>10 s . En qui conceme le risque inherent a la consomma- 
lion d’eau de boisson contaminde, la valeur se situe 
enire 10“ 7 et 1(T 5 . La NDMA est un cancerogene 
genotoxique et 1’exposition a ce compose doit etre la 
plus foible possible. 

On possede des donnees sur la toxicitd aigue et 
chronique du composd pour les organismes aqyatiques. 
L’cfFet toxique constate a la concentration la plus faible 
(4000 gg/litre) a consiste en une reduction de la crois- 
sance chez des algues. Cette caracterisation du risque 
type tient comple du fait que dans le pays retenu, ia 
concentration en NDMA dans les eaux de surface est 


inferieure au seuil estimatif d’apparition d’efifets nocifs 
chez les organismes aquatiques. On n’a pas trouve de 
donnees concernant la presence de NDMA dans les 
sediments ou le so) du pays temoin, 
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RESUMEN DE ORIENTACfON 


Este CICAD sobre la iV-nitrosodimetilamina 
(NDMA), preparado conjuntamente por la Direction da 
Htgiene del Medio del Ministcrio de Salud del Canada y 
la Division de Evaluation de Productos Quimicos 
Comcrciales del Ministerio de Medio Ambiente dei 
Canada, se basa en la documentation preparada al 
mismo tiempo como parte del Programa de Susiancias 
Prioritarias en el marco de la Ley Canadiense de 
Protection del Medio Ambiente (CEPA). Las evalua- 
ciones de sustancias prioritarias previstas en la CEPA 
tienen por objeto valorar los efectos potenciales para la 
salud humana de la exposition indirecta en ei medio 
ambiente general, ast como los efectos ecologicos. 

Aunque en el documento original no se abordo la 
expostcidn ocupactonal (Ministerios de Medio Ambiente 
y de Salud del Canada, 2001), en el prescnte CICAD se 
ha incluido information sobre este aspecto. En cste 
examen se analizaron los datos identificados tiasta el 
final de agosto de 1998 (efectos medioambientales) y 
agosto de 1999' (efectos en la salud humana). Tambien 
se consulfaron otros examenes, entre ellos los del C1IC 
(1978), ATSDR (1989), OME (1991, 1998) y B1BRA 
Toxicology International (1997, 1998). La information 
relativa al caricter del examen colcgiado y la disponibil- 
idad del documento original figuran en el apdndice 1. La 
informacibn sobre el examen colcgiado de este CICAD 
aparece en el apendice 2. Este CICAD se aprobo como 
evaluation intemacional en una reunion de la Junta de 
Evaluation Final celebrada en Ginebra (Suiza) del 8 a] 12 
de enero de 2001. La listadc participatues en esta 
reunion figura en el apendice 3, La Ficlia intemacional de 
seguridad quimica (ICSC 0525) para la NDMA, preparada 
por cl Programa Intemacional de Seguridad de las 
Sustancias Quimicas (IPCS, 1993), tambibn se reproduce 
en este documento. 

La ALnitrosodimetilamina (NDMA) es la diaiquil- 
nitrosamina mas sencilla. Aunque ya no se utiliza con 
fines industriales o comerciales en el Canada o los 
Estados Unidos de America, sc sigue liberando como 
subproducto y contaminante a partir de diversas 


1 Se ha incluido nueva information destacada por los 
examinadores y obtenida en una busqueda bibliografiea 
realizada antes de la reunion de la Junta de Evaluacion 
Final para scnalar sus probables repercusiones en las 
conclusiones esenciales de esta evaluation, 
principalmente con objeto de establecer la prioridad para 
su examen en una actualization. Se ha anadido 
information mas reciente, no esencial para la 
caracterizacibn del peligro o el analisis de la exposietbn- 
respuesta, que a juicio de los examinadores aumentaba cl 
valor informalivo. 


industrias y de instalaciones de depuration de aguas 
residuales municipales. Las emisiones mas importantes 
de NDMA proceden de la fabrication de plaguicidas, 
neumaticos de caucho, alquilaminas y colorantes. La 
NDMA se pttede fonnar tambien en condiciones 
naturales en e] airs, ei agua y el suelo como resultado de 
procesos quimicos, fotoquimicos y biologicos, y se ha 
detectado en el agua de bebida y en los gases de escape 
de los autombviles. 

La fotolisis es la via principal de elimination de la 
NDMA de las aguas superficiales, el aire y el suelo. Sin 
embargo, en las aguas superficiales con concentraciones 
elevadas de sustancias organicas y materia en suspen- 
si6n, la fotodegradacion es mucho mas lenta. En ias 
aguas no superficiales y en el suelo, la biodegradation 
es la via de elimination mas importante. Es poco 
probable que la NDMA recorra Iargas distancias 
suspendida en el aire o que se distribuya en el suelo y 
los sedimentos. Debido a su soiubilidad y a su bajo 
coeficiente de reparto, la NDMA puede filtrarse a las 
aguas frciilicas y persistir en ellas. Se mefaboliza y no se 
bioacumula. En general, la NDMA no es detectable en 
las aguas superficiales, exeepto en la contamination 
localizada de zonas industriales, en las que se han 
medido concentraciones de efiuentes de la etapa final de 
produccibn de basta 0,266 gg/1. 

En estudios limitados en cl pais en el cual se basa 
la caracterizatibn de! riesgo de muestra (es decir, el 
Canada), no se ha detectado NDMA en el aire, salvo en 
las inmediaciones de zonas industriales. Se han detec¬ 
tado concentraciones bajas de NDMA en el agua de 
bebida, por ejemplo en instalaciones de tratamiento del 
agua o a partir de aguas ffeaticas contaminadas por 
efiuentes industriales. Se ha demostrado la presencia de 
NDMA en algunos alimentos, en particular la cerveza, la 
came curada, los productos pesqueros y algunos 
quesos, aunque en los ultimos anos las concentraciones 
de NDMA en estos productos han disminuido debido a 
cambios en la elaboration de los alimentos. Tambien se 
puede sufrir expostcidn a la NDMA por el uso de 
productos dc consume que la contienen, por ejemplo 
cosmeticos y productos de cuidada personal, productos 
que contienen caucho y productos de tabaco. 

Sobre la base de los estudios de laboratorio en los 
cuales se han inducido tumores en todas las especies 
examinadas a dosis relativaniente bajas, la NDMA es 
claramente carcinogbnica. Flay pruebas abundantes de 
que la NDMA es mutagenica y clastogbnica. Aunque no 
se conoce completamente su mecanismo de induction de 
tumores, los aductos de ADN (en particular la O e -metil- 
guanina) formados por el ion metildiazonio generado 
durante el metabolismo tienen probablemente un papel 
dccisivo. Desde el punto de vista cualitativo, el metabo¬ 
lismo de la NDMA parece ser semejante en las personas 
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y los animates; en consecuencia, se considers muy 
probable que sea carcinogdnica para las personas, 
incluso a niveles de exposicidn relativamente bajos. 

Los datos sobre los efectos no neoplbsicos en 
animates de laboratorio asociados con la exposicibn a la 
NDMA son liniitados y pueden airibuirse prineipalmente 
a la atencibn que se presta a su carcinogenicidad. Se han 
notificado efectos en el bigado y el rinon en estudios de 
toxicidad de dosis repetidas, toxicidad y letalidad 
embrionarias en estudios de desairollo de dosis unioa y 
una serie de efectos inmunologicos (supresion de la 
inmunidad humoral y mediada por celulas) reversibles 
con las concentraciones mbs bajas. 

El cancer es sin duda el efecto final critico para la 
cuantificacion de la exposicion-respuesta en la caracteri- 
zacibn del riesgo de la NDMA. Ademas de ser el mejor 
caracterizado, en general, los tumores se producen con la 
concentracidn mbs baja, en comparacibn con las 
notificadas normalmente como inductoras de efectos 
distintos del cancer. La dosis tumorigenica c 5 mas baja 
para la induction de tuinores hepaticos en ratas macho y 
hembra expuestas a la NDMA en el estudio critico fue de 
34 pg/kg de peso corporal al dia para la foimacibn de 
cistadenomas biliares en hembras. Esto equivale a un 
riesgo unitario de 1,5 * 10' 3 por pg/kg de peso corporal. 
Basandose en la ingesta estimada de NDMA en el aire y 
en el agua de bebida contaminada (agua frealica) en la 
caracterizacibn del riesgo de muestra, los riesgos en las 
inmediaciones de fuentes puntuales industriales son 
MO" 5 . Los relativos al agua de bebida sonde 10' 7 a 10" s . 
La NDMA es un carcinbgeno genotoxico y la exposition 
se debe reducir en la medida de lo posible. 

Hay dates disponibles de toxicidad aguda y 
crbnica para los organismos acualicos. Ei efecto toxico 
que se produjo con la concentration mas baja fue una 
reduction del crecimiento de las algas con 4000 pg/1. En 
la caracterizaeibn del riesgo de muestra, las concentra¬ 
ciones de NDMA en las aguas superficiales del pais en 
el que se ha realizado es inferior al umbral para los 
efectos adversos estimados en los organismos 
acubticos. No se encontraron dates sobre las 
concentraciones de la NDMA en los sedimentos o en el 
suelo del pais de muestra. 
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